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STIS is an electronic dissemination system that provides fast, 
easy access to National Science Foundation (NSF) publications. 
There is no cost to you except for possible long-distance phone 
charges. The service is available 24 hours a day, except for bnef 
weekly maintenance penods. 


What Publications are Available? 


Publications currently available include: 


* The NSF Bulletin 
* Program announcements and “Dear Coileague” letters 
* General publications and reports 
+ Press releases 
* NSF organization charts and phone books 
* NSF vacancy announcements 
Award abstracts (1989-—now) 


Our goal is for all prmnted publicanons to be available 
electronically 


Access Methods 


There are many ways to access STIS. Choose the method 
that meets your needs and the communication facilines you have 
available 


Electronic Documents Via E-Mail If you have access to 
Internet or BITNET e-mail, you can send a specially formatted 
message, and the document you request will be automatically 
returned to you via e-mail. 


Anonymous FTP. Intermet users who are familiar with this file 
transfer method can quickly and easily transfer STIS documents 
to their local system for browsing and pnnting. 


On-Line STIS. If you have a VT100 emulator and an Internet 
connection or a modem, you can log on to the on-line system. 
The on-line system features full-text search and retneva! software 
to help you locate the documents and award abstracts that are of 
interest to you. Once you locate a document, you can hrowse 
through ii on-line, or download it using the Kermit protocol, or 
request that it be mailed to you. 


Direct E-Mail. You can request that STIS keep vou informed, 
via e-mail, of all new documents on STIS. You can elect to get 
either a summary or the full text of new documents. 


Internet Gopher and WAIS. If your campus has access to 
these Internet information resources, you can use your local 
client software to search and download NSF publications. If you 
have the capability, it is the easiest way to access STIS. "a 
aR 


Getting Started With Documents Via E-Mail _ 


Send a message to stisserv@nsf.gov (Intemet) or 
stisserv@NSF (BITNET). The rex of the message should be as 
follows (the Subject line is ignored): 


get index 


You will receive a list of all the documents on STIS and 
instructions for retneving them. Please note that al] requests for 
electronic documents should be sent to stisserv, as shown above. 
Requests for printed publications should be sent to pubs@nsf gov 
(Internet) or pubs@NSF (BITNET). 


Getting Started with Anonymous FTP 


FTP to stis.nsf.gov. Enter anonymous for the usemame, and 
your e-mail address for the password. Retrieve the file index. 
This contains a list of the files available on STIS and additional 
instructions. 


Getting Started with the On-Line System 


if you are on the Internet: reine 
prompt, enter public 


If you are dialing in with a modem: Choose | /\* x 


9600 baud, 7-E-1. Dial 202-357-0359 or 202-357-0368 
connected, press Enter. At the login prompt, enter pub 


Send an e-mail message to stisserv@nsf.gov (Internet) or 
stisserv@NSF (BITNET) Put the following in the text 


get stisdirm 


You will receive instructions for this service 


Getting Started with Gopher and WAIS 


The NSF Gopher server is on port 70 of stirs nsf. gov. The WAIS 
server is also on stis.nsf.gov. You can get the src” file from the 
“Directory of Servers” at quake.think.com. For more infor- 


manion, contact your local computer support organization 


For More Information 


For additional assistance contact 
E-mail: stus-request@nsf.gov (Internet) 
stis-req@NSF (BITNET) 
Phone: 202-357-7555 (voice mail) 
PDD: 202-357-7492 
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Foreword 


The adequacy of future human resources for science 
and engineering is an important issue for ihe United 
States. This report is designed to further the 
understanding of this issue by providing a reliable 
data base and analyses for a region that contributes 
significantly to the global stock of scientists and 
engineers—the Asian region. Many international 
organizations are concerned about this topic. For 
example, the International Council of Scientific 
Unions is studying existing and projected human 
resources in science and engineering in order to be 
able to advise its national members in their future 
science policy. The Organisation for Economic Co- 
operation and Development and the Commission of 
the European Communities have also been active in 
discussing these topics. 


We hope that this publication will also be of 
assistance to an Asian regional association, the Pacific 
Economic Cooperation Council, which is seeking to 
develop a reliable data base on science and technology 
(S&T) indicators in this region, and to the emerging 
S&T indicator groups in developing countries. 


This report complements and supplements the National 
Science Board’s Science and Engineering Indicators 
volumes and several other reports prepared by the 
Division of Science Resources Studies. 


Kenneth M. Brown 
Director, Division of Science Resources Studies 
Directorate for Social, Behavioral, 

and Economic Sciences 


May 1993 
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1. Overview 


In the last 15 years, the Asian region’s production of 
naiural science and engineering (NS&E) degrees has 
grown dramatically, as have its economy and invest- 
ment in research and development (R&D) and its 
attendant need for scientists and engineers. The 
countries studied in this report—the People’s Republic 
of China (China), India, Japan, Singapore, the Repub- 
lic of Korea (South Korea), and the Republic of China 
(Taiwan)—are ancient cultures with traditions of 
scholarship that cannot be adequately described by 
examining the last 15 years of data. However, data 
presented in this report on their growth in degrees, 
R&D, and gross domestic product (GDP) are indica- 
tors of the growing significance of this region to 
world science. The region’s production of NS&E 
degrees at the bachelor’s level was over a half a 
million in 1990; the number of doctoral degrees 
awarded in these fields was almost 10,000. 


These six countries spent $91 billion in 1987 constant 
purchasing power parity dollars ($PPPs)' in overall 
R&D in 1990. The combined GDP of all six coun- 
tries in $PPPs surpassed that of the United States in 
the mid-1980s. 


Several Asian countries are emulating Japan in devel- 
oping their economies through increasing their capaci- 
ties in high technology. Many policies are devoting 
resources to high technology production, processing, 
and distribution, including developing a science and 
engineering labor force. 


' Purchasing power parity dollars ($PPPs) are used to 


convert a country’s national currency expenditures to a 
common currency unit that allows real international 
quantity comparisons to be made. $PPPs are based on 
“market basket” pricing exercises. All dollar amounts 
in this report are in 1987 constant $PPPs. See section 
8, Methodology and Notes on Data Series, for details on 
why $PPP conversions are preferable to official ex- 
change rates. 


This report concludes with implications for the United 
States of this Asian growth in science and technology 
capabilities. Some of the implications for the United 
States are as follows: 


e These Asian countries presently depend on and 
will continue to use the U.S. higher education 
system. They cannot meet the demand for higher 
education fast enough nor can they staff new or 
expanded domestic institutions without graduate 
training abroad, often in the United States. 


e Foreign graduate student enrollment in U.S. 
universities and preference for NS&E degrees 
will help to maintain U.S. doctoral programs’ 
emphasis in these subjects. Doctoral programs in 
science and engineering fields in the U.S. have 
grown relatively faster than in non-science and 
engineering fields. Over the 16-year period 
1975-90, the ratio of NS&E degrees to total 
doctoral degrees in the United States increased 
from 35 to 45 percent. Since Asian foreign 
graduate students come mainly for science and 
engineering fields, they are, and will continue to 
be, an integral part of U.S. universities’ science 
and engineering strengths. 


¢ Asian countries with high technology economies 
will compete with the United States for the 
Asian-born graduates of U.S. universities. 
Though Asian scientists and engineers will 
continue to contribute to the U.S. labor force, 
more will probably return to Asia. 


In addition, there are obvious implications for produc- 
tion of high technology products, but they are not 
analyzed in this report. A forthcoming National 
Science Foundation report, Technology Development 
and Competitiveness: The Asian Region, will analyze 
these implications. 
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2. Research Approach 


Differences in economic growth among countries are 
leading to shifts in research and development (R&D) 
capabilities among major regions of the world. In 
particular, growth of the regional economies of West- 
ern Europe and the Pacific Rim nations is facilitating 
greater rates of growth in their civilian research 
programs compared to the growth rate for U.S. 
civilian research programs (National Academy of 
Sciences 1990, p. 4). 


This report focuses on the human dimensions of R&D 
in six Asian countries—the People’s Republic of 
China (China), India, Japan, Singapore, the Republic 
of Korea (South Korea), and the Republic of China 
(Taiwan). Data on academic degrees in the natural 
sciences and engineering are examined together with 
demographic and macroeconomic data in an attempt 
to identify trends in human resources for science and 
technology (S&T) in the Asian region. Asian trends 
are compared with trends in the United States to 
illustrate potential similarities and differences in the 
area of human science and engineering resources. 


The report provides a consistent data base on human 
resources for science in the above-mentioned six 
Asi2n countries. In addition to data on population, 
education, and S&T personnel, the 15-year time series 
also include gross domestic product (GDP) and R&D 
expenditures in purchasing power parity dollars 
($PPPs). These data provide the basis for identifying 
time trends in human S&T resources as well as key 


indicators of their future growth and demand for 
scientists and engineers. A final section of the report 
discusses prospects for the future and implications for 
the United States created by this Asian growth in 
science and technology. 


Several caveats are in order. First, data are compiled 
from numerous national and international sources and 
may not be strictly comparable. In addition, degree 
categories in different countries may not be academi- 
cally equivalent.’ Finally, some data series do not 
cover complete periods, and missing data were esti- 
mated to compile a regional series. Although these 
data problems are not trivial, every attempt has been 
made to develop trends that are approximately equiva- 
lent at the broad aggregate level. The degree data 
were verified country by country through national 
educationai statistics (see Bibliography). Educational 
Statistics for each country were categorized by broad 
fields of science. American and foreign scholars 
familiar with higher education in each country trans- 
lated documents and reconfigured university depart- 
ments’ statistics to the universally accepted classifica- 
tion scheme, the International Standard Classification 
of Education (ISCED), and the U.S. Ciassification of 
Instructional Programs (CIP).* 


This report does not deal with the quality of education 
in Asian or U.S. universities. 
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See section 8, Methodology and Notes on Data Series. 
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3. Regional Summary 


This report examines six Asian countries—the 
People’s Republic of China (China), India, Japan, Sin- 
gapore, the Republic of Korea (South Korea), and the 
Republic of China (Taiwan)—which represent 77 
percent of the Asian popul-tion and 42 percent of the 
world’s populaticn. These six countries annually pro- 
duce more than one-half million natural science and 
engineering (NS&E) bachelor’s degrees, more than 
twice as many as the United States (see tables | and 
A-3). They produce approximately equal numbers of 
engineering and natural science graduates at the 
bachelor’s level.* 


The United States, with one-tenth the combined 
population of these countries, produces comparable 


Natural science fields include physical; biological; earth, 
atmospheric, and oceanographic; agricultural; and math 
and computer sciences. Medical sciences are not 
included. 


Table 1. Bachelor's degrees in S&E 


in selected Asian countries 
and the U.S, by field: 1990 
Selected 
Field Asian United 
countries States 
Natural science 252,767 105,021 
Engineering 261,410 64,705 
Natural science and 514,177 169,726 
engineering 
Social science 196.284 159,368 
Total science and 710,461 329,094 
engineering 


numbers of advanced degrees and more than twice as 
many doctoral degrees in science and engineering 
(S&E). (See tables 2, A-5, and A-7.) However, of the 
approximately 22,853 doctoral degrees granted in S&E 
in the United States in 1990, around 3,200, or approx- 
imately 14 percent, were awarded to students from 
these six Asian countries. Tables 2 and 3 indicate that 
these Asian countries depend on U.S. graduate schools 
to educate a significant proportion of their doctoral 
students.. In 1990, the number of S&E doctoral 
degrees awarded to Asians from these countries by 
U.S. universities was 30 percent of the number 
obtained within these countries.” 


How has this pool of scientists and engineers grown 
during the 1970s and 1980s, and what are the pros- 
pects for the 1990s? The following section examines 
the growth in S&E education from 1975 to 1990 and 
the prospects of the Asian region producing a growing 
share of the world’s NS&E degrees. Further sections 
will explore potential connections between this growth 
in education and Asia’s needs for S&E personnel. 
Those needs are driven by the countries’ research and 
development (R&D) investment. increasingly sophisti- 
cated manufacturing, and growing economies. A 
regional summary of these three dimensions—human 
resources, R&D investment, and economic growth—is 
followed by country-specific details on each dimen- 
sion. Near-term prospects for Asia's human resources 


SOURCE: See table A-3. 


Doctoral degrees received trom other Asian countries, 
and in Canada and Europe, would raise the total number 
of degrees for these countries. 


* Not all of these Asian doctoral graduates of U.S. 
universities return home. Percentages of those who plan 
to stay in the United States are given, by country, in 
section 7. 
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Table 2. Doctoral degrees in S&E 


in selected Asian countries 
and the U.S.: 1990 
Selected 
Field Asian United 
countries States 
Natural science 6,812 11,368 
Engineering 2,856 4.692 
Natural science 9,668 16,260 
and engineering 
Social science 746 6,593 
Total science and 10,414 22,853 
engineering 


SOURCE: See table A-7. 


Table 3. Doctoral degrees in S&E 


granted to Asian students 
by U.S. universities: 1990 
Acquired in 
Country U.S. university 

China 940 
Taiwan 906 
South Korea 673 
india 612 
Japan _ 7 
Total 3,204 


SOURCE: National Science Foundation 1991 


those whose enrollments grew steeply in the 1950s 
and 1960s (India and Japan) and subsequently leveled 
off, and those whose enrollments have grown in the 
last 15 years (South Korea, Taiwan, and China) (see 
figure | inset). Even with this growth, only about 5 
percent of the college-age segment of the 2.5 billion 
total population in the Asian region is enrolled in a 
university. The region has a potential for extensive 
further growth in university education. 


India accounts for more than a third of the total 
enrollments. Singapore does not show up on the 
graph because of its small number of university 
students relative to other Asian countries. (See table 
A-| for data on university enrollments for all six 
countries. ) 


The number of people acquiring a university education 
affects the quality of the labor force and the economic 
development potential of a country. Within individual 
countries, the ratio of university students to the total 
20- to 24-year-old population varies widely, as shown 


for science and technology are provided im a con- 
cluding section. 


Human Resources 


Enrollment in Higher Education 


Total university enrollments in the six Asian countries 
studied have doubled since 1975 (see figure 1), and 
there are two distinct groups among these countries: 


Figure 1. Growth in enroliment 
in higher education 
in selected Asian countries: 1975-90 


Number 
in millions 
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Figure 2. Ratio of university enroliments 
to the 20- to 24-year-old population 
in selected Asian countries: 1975-90 


Percent 


S. Korea 


in figure 2. China is on the low end of the spectrum. 
Despite impressive, massive expansion of higher 
education systems in the 1980s, only 1.7 percent of 
China’s young people are enrolled in universities. 


On the high end of the spectrum, South Korea tripled 
its enrollments from 1975 to the present and now has 
the highest proportion of its college-age group (36 
percent) studying in universities. India, with a huge 
and growing population, maintained 5 percent of this 
age group in universities during this period. Taiwan 
increased from 16 to 27 percent; Japan from 24 to 29 
percent. (See table A-2 on university enrollment 
ratios.) 


Higher Education Degree Data 


Over the 15-year period examined, these Asian 
countries together have increased their annual produc- 
tion of bachelor’s degrees in natural sciences by 60 
percent, and have tripled their annual production of 


Figure 3. Bachelor's degrees 
in natural science and engineering 
in Asia and the U.S.: 1975-90 
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Singapore, South Korea, and Taiwan. See tabie A-3. 


engineering degrees (see figure 2>. Asia's high annual 
number of degrees in natural sciences continues to rise 
as these countries attempt to go beyond “quality engi- 
neering” and low-cost production to design capability 
and “knowledge-based” innovative products and pro- 
cesses (Tufts University 1991). At the bachelor’s 
level, the number of natural science degrees awarded 
in Asia is approximately equal to the number of 
engineering degrees. At the doctoral level, the num- 
ber of natural science degrees is almost three times 
higher than the number of engineering degrees. This 
proportion is similar to that found in the United States 
and Europe; careers in natural science fields often re- 
quire doctoral training. 


In the United States, the number of bachelor’s degrees 
awarded in the natural sciences remained relatively 
stable from 1975 to 1983, grew to a peak in 1985-86, 
and has since declined steadily in absolute numbers. 
The number of natural science degrees awarded in the 
United States has consistently been double that of U.S. 
engineering degrees. At the doctorate level (see figure 
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Figure 4. Doctoral degrees 
in natural science and engineering 
in Asia and the U.S.: 1975-90 


NOTES: Asian degree data include six countries: China, india, Japan, 
Singapore, South Korea, and Taiwan. See table A-7. 


4), half of the U.S. degrees are awarded to foreign 
students. Within Asia, programs in China, South Ko- 
rea, and Taiwan built up these countries’ advanced de- 
gree capability and doctoral-level training in the 
1980s. The jump in the number of doctoral degrees 
awarded in Asia in 1989 results from the inclusion of 
China in the Asia total in 1989, the first year for 
which doctoral degree data are available from China. 


Degrees in the natural sciences in Asia. India 
accounts for well over 50 percent of the bachelor’s 
degrees awarded in natural sciences in Asia, as seen 
in figure 5. The world’s largest democracy, India is 
also the world’s foremost educato nelor’s- and 
doctoral-level natural scientists. | duced more 
bachelor’s degrees in natural science fields than the 
United States in the early 1970s, and has again sur- 
passed the United States in natural science degrees 
since 1987. India, with approximately 146,000 gradu- 
ates in 1990, is followed at a distance by China, with 
52,000 natural science graduates in 1990. 


Figure 5. Bacheior's degrees 
in natural science 
in selected Asian countries: 1975-90 
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The pattern of Indian prominence in the natural 
sciences also occurs in advanced degrees (master’s 
and doctorates) in Asian countries. India accounts for 
half of the 56,000 advanced degrees and for more than 
half of the 6,800 doctoral degrees in natural science in 
this region (see tables A-5 and A-7). 


Degrees in engineering. All six Asian countries 
studied are increasing their production of engineering 
degrees, as shown in figure 6. China and Japan are 
and will be the main producers of bachelor’s degrees 
in engineering for the region. China has the highest 
number, with 128,000 graduates in 1990.’ Japan 
follows with 81,000 graduates. 


The very high number of engineering graduates in 1982 
in the China data reflects the flood of older students 
completing degrees in reopened universities in the late 
1970s. The number then settles down and steadily 
increases. 


National Science Foundation 


Figure 6. Bachelor's degrees 
in engineering in selected Asian 
countries: 1975-90 
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Rates of growth in production of engineering degrees 
differ widely across Asian countries. Japan has been 
producing approximately the same number of engi- 
neering graduates for more than 10 years, whereas 
China appears to be at the beginning of a growth 
curve. In South Korean universities, the growth in the 
number of engineering degrees has recently leveled 
off; for the past 3 years their engineering degrees have 
remained stable. Japan and South Korea may be 
already producing as many engineering graduates as 
possible given their declining college-age populations 
in the 1990s. They have 30 to 40 percent of their 
young people enrolled in universities and award 15 to 
20 percent of all degrees in engineering. As with 
bachelor’s degrees, China and Japan are the main pro- 
ducers of advanced degrees (master’s and doctorates) 
in engineering (see tables A-5 and A-7). 


Asian students in U.S. universities. The entire 
Asian region has dominated all other world regions in 
using the U.S. higher education and research infra- 
structure (Institute of International Education 1991a). 


The number of Asian students in U.S. universities has 
increased from 20,000 per year in 1975 to 200,000 per 
year in 1989-90. In 1980, 5 of the 10 leading coun- 
tries of origin in foreign enroilment in U.S. institu- 
tions of higher education were Asian; by 1990, 9 of 
the top 10 were Asian. 


Of all foreign students attending U.S. universities at 
the undergraduate level, 43 percent are Asian; at the 
graduate level, 65 percent are Asian. Of the 33,000 
Chinese students enrolled in U.S. universities in 
1989-90, a large majority were enrolled in graduate 
programs. Similarly, the majority of Indian, South 
Korean, and Taiwanese students in the United States 
were enrolled in graduate studies, as shown in table 4. 
A very large percentage of these Asian students are 
studying science and engineering in U.S. universities: 
96 percent of Taiwanese students and 93 percent of 
Indian students were in S&E fields in 1989-90. 


Japan and Singapore send their students to U.S. 
colleges and universities mainly at the undergraduate 
level. Of the 30,000 Japanese students attending U.S. 
universities in 1989-90, 62 percent were enrolled in 
undergraduate programs and more than half were in 
non-S&E fields. Students from other Asian countries, 
such as Hong Kong, Malaysia, and Indonesia, also 
study in the United States, mainly at the undergradu- 
ate level. 


The U.S. higher education institutions are a significant 
source for doctoral education of Asian students. For 
individual countries the figures vary substantially, as 
shown in table 5 and figure 7. Doctoral degrees 
received from other Asian countries, and from Canada 
and Europe, would raise the total number of degrees 
for these countries. 


As shown, the majority of Taiwan's doctoral degrees 
are from the United States. About one-half of South 
Korea’s and one-third of China’s are from U.S. 
universities. Japan obtains only a small fraction of 
doctoral degrees in the United States (National Sci- 
ence Foundation 1991, table 6), as shown in figure 7. 


Foreign graduate students’ enrollment in U.S. uni- 
versities has increased the concentration of U.S. 
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Table 4. Asian students in U.S. universities in natural science and engineering, 
by level: 1989-90 and 1990-91 


Number of 

students Percentage Percentage Percentage Percentage 

Country | 1989-90 1990-91 Pa a = —s 
China 33,390 39,600 12.9 82.7 44.0 20.1 
india 26,240 28,860 21.1 75.5 40.9 52.5 
Japan 29,840 36,610 61.7 19.5 31.0 14.0 
Singapore 4,440 4,500 73.2 25.0 35.0 52.0 
S. Korea 21,710 23,360 24.1 69.7 45.4 35.6 
Taiwan 30,960 33,530 19.0 76.3 51.0 45.0 


SOURCES: institute of International Education 1990, 1991a 

NOTES: Percentages by level and field are estimated from Institute of International Education 1990. The per- 
centages of undergraduate and graduate students do not add to 100; balance have research appoint- 
ments. The percentage of natural science and engineering fields do not add to 100; the balance are in 
non-S&€E fields. 


Table 5. Doctoral degrees in natural science and engineering awarded domestically 
and in the U.S. for seiected Asian countries: 1990 


Within-country U.S. universities 
Countries 
Natural science Engineering Natural science Engineering 
China 772 1,054 660 (46.1%) 280 38=(21.0%) 
India 4,600 250 311 (6.3%) 301 (54.6%) 
Japan 937 948 56 (5.6%) 17 (1.8%) 
S. Korea 399 439 343. = (46.2%) 350 (44.4%) 
Taiwan 104 165 446 = (81.1%) 460 (73.6%) 


SOURCES: See table A-7; National Science Foundation 1991. 
NOTE: Figures in parentheses are U.S. doctoral awards as a percentage of the country’s total doctoral degrees 
in that field. 


doctoral degrees in natural science and engineering. degrees to total doctoral degrees in the United States 
Between 1975 and 1990, the ratio of NS&E doctoral increased from 35 to 45 percent. 
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Figure 7. Natural science and engineering 
doctoral degrees awarded 
domestically and in the U.S. 
for selected Asian countries: 1990 
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Figure 8. Percentage of Asian 
22-year-olds holding natural science 


and engineering bachelor’s degrees 
in selected Asian countries: 1975-90 
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Participation Rates in NS&E Degrees 
at the Bachelor's Level 


Most Asian countnes except Japan increased the 
percentage of 22-year-olds receiving NS&E degrees 
between 1975 and 1990, as shown in figure 8. After 
increasing in the 1970s and 1980s, Japan's high 
percentage of 22-year-olds obtaining NS&E degrees (6 
percent) has fallen slightly since 1987 as both prefer- 
ences for education in natural science and engineering 
and the college-age population declined (Myers 1992). 
South Korea dramatically increased its NS&E degrees 
from 2 to 6 percent of its 22-year-olds since 1975. 
Taiwan increased its NS&E degree awards from 2 to 
4 percent of its 22-year-old population over the last 
decade. China and India, with their huge populations, 
are maintaining their participation rates of 0.8 percent 
and 1.1 percent, respectively. If China and India 
continue to maintain these rates, the world stock of 
science and engineering graduates will be greatly 
augmented. (See table A-13 on participation rates in 
NS&E degrees.) 


Ratio of science and engineering degrees to 
total degrees. Asian universities award a higher 
proportion of their degrees in fields of natural science 
and engineering than do U.S. or European universities: 
between 25 and 55 percent, as shown in figure 9. 


Asian countries (except India) especially favor en- 
gineering. Forty percent of all China’s university de- 
grees are given in engineering fields (s~~ figure 10). 
India has a different pattern than the other five Asian 
countries. India has very large numbers of natural sci- 
ence degrees and a high ratio of natural science 
degrees to total degrees; however, there is not an 
equal emphasis on engineering. The ratio of engineer- 
ing degrees to total degrees is the lowest in Asia. 
India’s pattern is the reverse of Japan's, which has 
more than 20 percent of its degrees in engineering, but 
relatively few people studying basic sciences. (See 
table A-12.) When social science degrees are includ- 
ed, Japan has the highest proportion of S&E degrees 
in the Asian region: close to 66 percent of its universi- 
ty degrees are given in natural science, engineering, or 
social science. 
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Demographic changes. In the !990s there will be 
decreases in the absolute numbers in the college-age 


population in the highly industrialized countries of the 
United States, Western Europe, and Japan. In Japan, 
the number of 18-year-olds will decrease by one-half 
million between 1992 and 2000. Government policy 
is to attract older adults and foreign students to 
Japanese universities. Japan has a “tenfold-increase 
policy” for foreign students and is projecting an en- 
roliment of 100,000 foreign students by the beginning 
of the 21st century (Government of Japan, Science 
and Technology Agency 1991b, p. 16). (See also 
tables A-14 and A-19 to see the slow growth of 
Japan’s population and labor force in the 1990s. See 
table A-i5 to see the decline in the number of 20- to 
24-year-olds in Japan from 10 million to 8.5 million 
between 1995 and 2000.) 


However, among developing Asian countries, the 
college-age population of India will continue to 
increase and will surpass that of China after the year 
2002, as shown in figure 11. In the year 2000, China 
is expected to have 95 million people in the 20- to 24- 
year-old group; India will have 89 million. For 
comparison purposes, in the year 2000, Japan will 
have 8.5 million people in the college-age population, 
South Korea will have 3.9 million, and Taiwan will 
have 1.9 million. Western European countries will 
have between 3 and 4 million people in their college- 
age populations, and the United States will have 
around 19 million (Bos, Vu, and Levin 1992). 


Can India and China develop these vast potential 
human resources for science? It will be an extremely 
difficult task because only a small percentage of their 
populations now obtain science degrees. These coun- 
tries are, at great sacrifice, expanding university 
education and stressing science and engineering. Will 
they be able to employ all the S&E graduates? The 
next sections will describe Asian R&D investment and 
GDP. An attempt will be made to show relationships 
among these science and economic indicators in 
section 7, Prospects for the Future. 
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Figure 9. Ratio of natural science 


and engineering degrees 
to total bachelor's degrees 


in selected Asian countries: 1975-90 
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Figure 10. Ratio of CSE degrees 
to total bachelor’s degrees 


in selected Asian countries 
and the U.S.: 1990 


Percent 
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Figure 11. Number of 20- to 24-year-olds 
in selected Asian countries: 1975-2010 (projected) 
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Research and Development 
Expenditures 


in 1990, the combined R&D expenditures of the six 
Asian countries studied were approximately $91 
billion in 1987 constant purchasing power parity 
dollars ($PPPs). (Throughout this report, dollar 
amounts will be in 1987 constant $PPPs.) Asian 
R&D amounted to 1.5 percent of the countries’ 
combined GDP. In the same year, the U.S. total R&D 
was $130 billion, as shown in figure 12, amounting to 
2.65 percent of the national GDP. 


National R&D surveys and reporting, from which 
these data are derived, are well developed in most of 
the six Asian countries, but are just being organized in 
China." Japan, Taiwan, and South Korea have been 


* China is also just developing its science and technology 
(S&T) indicators capability. Although R&D data exist 
for several years, S&T indicators staff in the State 
Science and Technology Commission caution that 
uniform definitions for R&D have only been in place 
since 1990. 


conducting national R&D surveys for decades. India 
has been conducting R&D surveys and reporting bien- 
nially since the early 1970s. Singapore has conducted 
biennial national R&D surveys for the past 10 years. 


The R&D spending in five Asian countries was 
combined to arrive at a regional total for each year 
between 1975 and 1989. Only China was excluded 
from the total Asian R&D because data from China, 
with a consistent definition of R&D. exist for only | 
year. The growth rate of the combined R&D spend- 
ing was approximately 9 percent between 1975 and 
1989. Estimations to 1992 use this 9 percent growth 
rate. 


To estimate Chinese R&D spending to 1992. a low 
growth of 2.5 percent and a high growth of 6 percent 
were assumed. With the past 9 percent growth ia the 
region, and China's high and low estimates for R&D 
spending added, the overall Asian R&D budget 
estimate for 1992 is $110 billion, as shown in figure 
12. In 1990, the United States had 1.4 times the 
overall R&D investment as the six Asian countries 
combined, but with a lower growth rate than Asian 
countries. The U.S. growth rate (net after inflation) 
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Figure 12. R&D in 
selected Asian countries 
and the U.S.: 1975-92 
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NOTE: Data are estimated for 1991 and 1992. See table A-16 


Figure 13. industrially funded R&D 
in selected Asian countries 
and the U.S.: 1975-92 
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over the last 6-year period has been approximately 1.1 
percent. 


These Asian countries’ nondefense R&D in 1990 is 
uncertain. Only Japan and India publish figures on 
their military R&D budget. Japan’s defense R&D is 
1 percent of the total; India’s defense R&D has been 
between 15 and 20 percent. Taiwan and South Korea 
do not include defense research in their R&D report- 
ing; Singapore and China include defense R&D in 
their 1990 R&D reporting, but do not specify the 
percentages. More refined R&D data are required to 
compare civilian research budgets. 


industrially Funded R&D 


In 1990, U.S. pris \dustries funded more R&D 
than the industrie e six Asian countries com- 
bined. However, inuustrially funded R&D in the six 
Asian countries is growing faster than their overall 
R&D, and is estimated to reach approximately $73 
billion in 1992, slightly more than the $67 billion in 
the United States, as shown in figure 13. The U.S. 
growth rate in this area has slowed to 1.5 percent over 
the last 6 years, down from 7 percent during the 
period 1975 to 1985. 


According to one recent analysis, all Asian countries 
in proximity to Japan that now assemble products for 
labor-short Japan would like to increase their R&D 
and hence the technological sophistication of their 
own products. Singapore, Taiwan, and South Korea, 
as well as other Association of Southeast Asian 
Nations (ASEAN) countries, are establishing science 
parks to strengthen indigenous R&D, attract foreign 
high technology firms, and allow shared research 
facilities between industries and universities. South 
Korea, Taiwan, Singapore, and Hong Kong are 
particularly interested in joint ventures with — the 
United States and multinationals that include technolo- 
gy transfer (Institute of Electricai and Electronics 
Engineers, Inc. (IEEE) 1991). 
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Figure 14. R&D expenditures 
in selected Asian countries: 1975-90 
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NOTES: Only data for 1990 were available for China. Singapore is not 
visible because of relatively small number See table A-16). 


Science and Engineering Personnel 


The combined sum of R&D expenditures of the six 
Asian countries has more than quadrupled over the 
period 1975 to 1990 (see figure 14), and the number 
of S&E personnel in R&D has followed the same 
growth curve (see figure 15). In 1990, with China 
data included, research scientists and engineers num- 
bered more than | million, comparable to the numbers 
of research scientists and engineers in the United 
States. 


R&D expenditure per research scientist and engineer 
(RSE) is an indication of the level of support and 
quality of the science infrastructure available to 
research scientists and engineers. Figure 16 shows the 
trends in support of science during the last 15 years. 
All of the Asian countries studied have reached more 
than $50,000 per research scientist and engineer; 
Japan is approaching $120,000. 


Figure 15. Scientists and engineers 
in R&D in selected Asian countries: 
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Figure 16. R&D expenditures 
per research scientist and engineering 
in selected Asian countries 
and the U.S.: 1975-90 
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NOTES: Only data for 1990 were available for China. See table A-20. 
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Gross Domestic Product 


The six Asian countries studied have had the fastest 
growing economies in the world in the last 15 years. 
Figure 17 shows the growth in gross domestic product 
(GDP) for each country in $PPPs. (GDP using 
official exchange rates would be far lower for China 
and India.’) As shown in figure 18, in 1975 the U.S. 
GDP was somewhat larger than that of the six Asian 
countries combined. Between 1975 and 1992, how- 
ever, the positions reversed, and the combined GDP of 
the six Pacific Rim countries is now somewhat larger 
than that of the United States. 


Related S&E Indicators 


The overall economic performance of a country 
appears to be related to several S&T indicators. The 
percent of GDP invested in R&D (see table 6) corre- 
lates with related indicators of support for S&E 
personnel. The Asian countries studied fall into three 
groupings in their standard of living and support for 
R&D personnel. China and India have the lowest 
GDP per capita, the lowest percent of GDP in R&D, 
the lowest number of S&E personnel per 10,000 of 
the population, and the lowest R&D investment per 
research scientist and engineer. 


Singapore, Taiwan, and South Korea form a midrange 
in these indicators. Japan has the highest GDP per 
capita and support for S&E personnel, approaching 
that of the United States. 


* For a discussion of this difference in China, see Survey 


of China 1992. 
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Figure 17. Growth in GDP 
in selected Asian countries: 1978-90 
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Figure 18. Growth in 
GDP in selected Asian countries 
and the U.S.: 1975-92 
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NOTES: Data are estimated for 1991 and 1992. See table A-22 
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Table 6. Support for R&D and S&E personnel by level of per capita GDP 
in selected Asian countries and the U.S.: 1990 


SOURCES: Computed, tables A-19 and A-22 


S&E personnel R&D 
R&D asa S&E in R&D expenditures 
Country Per capita GDP percentage personnel per 10,000 of per scientist 
($PPPs) “’ of GDP in R&D labor force and engineer 
($PPPs) 
United States 19,600 2.7 949,000° 75.6 * 136,800” 
Japan 15,296 2.9 477,866 74.9 117,068 
Singapore 10,850 0.9 4,298 30.4 67,855 
Taiwan 7,193 1.7 32,145 38.2 77,032 
South Korea 6,342 1.9 68,831 37.2 73,297 
China 2,636 7 391,100 5.6 54,884 
India 907 8 106,000 3.3 57,465 
ne $PPPs = purchasing power parity dollars 
sad U.S. data are for 1989, the latest year for which data were available. 
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4. Human Resources by Country 


Each of the six Asian countries studied for this re- 
port—China, India, Japan, Singapore, South Korea, 
and Taiwan—has a significant educational infrastruc- 
ture and has invested heavily in its improvement to 
foster knowledge-based strategies for economic growth 
and to supply highly skilled human resources in 
science and engineering (S&E). 


China 


China’s extensive research infrastructure and graduate 
training were greatly disrupted in the late 1950s, when 
scholars and researchers were told to learn from the 


Figure 19. Bachelor's degrees 
in S&E in China, by field: 1982-90 
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masses during the Great Leap Forward, and when 
universities were used for “worker-peasant-soldier- 
scholars” during the Cultural Revolution of the 1960s. 
During this period, China tripled primary school 
enrollments and vastly increased enrollment in second- 
ary schools. It was not until 1978, when Chinese 
Premier Deng Xiaoping announced that intellectual 
work is a form of labor and that education and scien- 
tific research are a form of production, that higher 
education was again legitimized. China reinstituted 
entrance «xams and only the very best students have 
been admitted to Chinese universities since then. 
There are now more than 1,000 higher education 
institutes in China. Seventy of them provide 4-year 
university programs; 43 of them, the most sought 
after, are comprehensive universities. 


China is trying to upgrade the quality of its domestic 
higher education to meet high level labor require- 
ments. In 1988, about 86 of the higher education 
institutes were designated as key point schools, 
singled out as centers of excellence for priority 
funding. The central government is financing 35,000 
students for study abroad, while also increasing 
graduate programs to educate scientists and engineers 
within China so that fewer students have to leave. 


Data that represent internationally comparable univer- 
sity degrees are available for China only for the years 
1982-90. The very high number of graduates in 
1982, the peak in the data in figure 19, reflects the 
flood of older students completing their degrees in 
reopened universities in the late 1970s. The number 
of students then declined and leveled off before 
beginning a steady increase starting in the mid-1980s. 


China has the highest ratio of engineering degrees to 
total degrees (41 percent; see table A-12) in the Asian 
region, and produces more doctoral engineering 
degrees than Japan (see figure 20, for which there are 
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Figure 20. Doctoral degrees 
in engineering 
in selected Asian countries: 1975-90 
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See table A-11. 


only 2 years of data for China).'° China also has a 
strong commitment to basic science education, and 
produced more than twice as many bachelor’s degrees 
in natural sciences as Japan. 


india 


India, like China, has a long tradition of scholarship 
and respect for knowledge. India’s extensive universi- 
ty system, which has increased in enrollments by a 
factor of 20 since the country’s independence in 1947, 
was first established during the colonial period. The 
first three universities created by the British admin- 
istration were in Calcutta, Madras, and Bombay and 
several Indian scientists achieved worldwide distinc- 
tion during the first half of this century. The first 
non-Western Nobel Laureate was an Indian, C.V. 
Raman, who received the prize for physics in 1931. 


'© China’s educational statistics have doctoral degree data 
by field of science beginning in 1989. 


Ten of India’s top universities have 29 Centers of 
Advanced Study, including, along with those men- 
tioned above, Banaras Hindu, Delhi, Punjab, and the 
Indian Institute of Science. 


In postindependence India, as in China, science and 
engineering replaced civil service as the high prestige 
career. Government subsidies to higher education in 
science and engineering, parental urgings, and higher 
salaries attracted the best students to S&E fields. 


The steepest growth occurred in natural science 
degrees in the 1950s and 1960s; the great emphasis 
placed by India on natural science degrees can be seen 
in figure 21. This emphasis on fields of natural 
science has resulted in India’s scientific strengths in 
high energy physics, plant biochemistry, solid state 
and inorganic chemistry, microelectronic materials, 
polymers, and ceramics (National Science Foundation 
1987). 


Indian Institutes of Technology (IITs), modeled after 
the Massachusetts Institute of Technology, were estab- 
lished in the 1950s in five major cities for the study 
of engineering and computer sciences. They are distin- 
guished by their extreme selectivity; every year 
100,000 students take a competitive exam for 2,000 
seats at these Institutes. A large number of the IIT 
graduates continue their studies in the United States. 
For example, about 20 percent of Bombay IIT grad- 
uates immediately go abroad, but the proportion may 
be as high as 80 percent among computer science 
graduates (Maddox 1984). It is not known how many 
of those who obtain graduate degrees return to India 
with even better qualifications. 


The Indian bachelor’s degree data from 1975 to 1990 
(figure 21) show that engineering degrees are growing 
faster than science degrees, but are still rather small in 
number. Of ail university degrees, 20 percent are 
awarded in natural science and only 4 percent are 
awarded in engineering. There are almost 5,000 
institutes of higher education (excluding junior col- 
leges) for the arts and sciences and only 277 for 
engineering. 


The dominance of India in the Asian region in natural 
sciences can also be seen in advanced degrees (figure 
22), of which 4,600 are at the doctoral level. 


National Science Foundation 
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Figure 21. Bachelor's degrees in S&E 
in India, by field: 1947-90 
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About one-third of the students in all levels of univer- 
sity education are female: 33 percent of science 
students in universities are female; 7.9 percent of 
engineering students are female (Government of India, 
Department of Science and Technology n.d.). 


Japan 


As with India, the brief period of the last 15 years 
does not cover the more dramatic increase in the 
number of S&E degrees in Japan. The sharp rise in 
Japanese enrollments and graduates in science and 
engineering occurred in the 1950s and 1960s. As part 
of the reconstruction after World War II, Japan made 
a concerted effort to increase the number of S&E 
degrees awarded and to double its gross national 
product. Over the past 10 years, Japan has educated 
approximately the same number of engineers annually 
and has slowly increased the number of natural 
science graduates. As figure 23 shows, Japan produces 
a quarter of a million S&E degrees each year, but 
with a very small base in natural science. The major- 
ity of S&E degrees are in engineering and social 


Figure 22. Advanced degrees 
(master’s and doctoral) 
in natural science 
in selected Asian countries: 1975-90 
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Figure 23. Bachelor's degrees 
in S&E in Japan, by field: 1975-90 
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Figure 24. Advanced degrees 
(master's and doctoral) in Japan, 
by field: 1975-90 
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science. (Business is included in social sciences in 
Japanese education data.) 


Private schools, many at the junior college ievel, make 
up 70 percent of all higher education in Japan. The 
Government provides 20 percent of the cost of private 
schools and also funds 98 public universities. A small 
number of these public universities, the seven old 
imperial universities (including the Universities of 
Tokyo, Osaka, and Kyoto), are the most prestigious, 
with very competitive entrance examinations. Japa- 
nese private universities are very large, crowded, and 
far less well equipped than the public universities 
(Swinbacks 1991), so many Japanese students opt to 
study abroad. Sixty-one percent of the 30,000 Japa- 
nese students in the United States in 1990 were 
enrolled in an undergraduate degree program (Institute 
of International Education 199 1a). 


The participation of females in S&E degrees in Japan 
is higher in natural sciences than in engineering or 
social sciences. As in many other countries, female 
participation in engineering is low (see table 7). 


Undergraduate engineering education in Japanese 
universities is very broad, to expose students to many 
fields, in contrast to U.S. engineering undergraduate 
programs, in which students receive more in-depth 
education in specialized fields. Japanese companies 
prefer to provide extensive in-house training to young 
engineers instead of hiring older students with 
master’s or doctoral degrees from Japanese universi- 
ties. Because advanced degrees have not conferred 
employment benefits on those who earn them, there 
have been relatively few advanced degrees in NS&F 
in Japan. 


Recently, however, there has been growth in advanced 
S&E degrees (master’s and doctorates) in Japan, as 
shown in figure 24. 


With the goal of increasing basic research, Japan's 
science and technology policy statements call for a 
strengthening of Japan's graduate education, increased 
financial assistance, and research funds for doctoral 
students (Government of Japan, Cabinet Decision 
1992). 


One example of Japan's attempt to improve graduate 
education is the establishment of the Research Center 


National Science Foundation 


Table 7. Participation in S&E degrees in Japan, by sex: 1990 


Male Female 
Field Total 
Number Percentage Number Percentage 

Natural science 25,153 20,221 80 4,932 20 
Engineering 81,355 78,705 97 2,650 3 
Natural science and engineering 106,508 98,926 93 7,582 7 
Social science 157,477 138,958 88 18,519 12 
Total all fields 400,103 381,584 73 109,750 27 


SOURCE: Government of Japan, Ministry of Education, Science, and Culture 1990 


for Advanced Science and Technology at the Univer- 
sity of Tokyo. The Tokyo Institute of Technology is 
also attracting foreign graduate students. Japan 
recruits the best engineering students from all over 
Asia and gives them scholarships for master’s and 
doctoral programs at the University of Tokyo. Re- 
cruitment includes all the Indian Institutes of Technol- 
ogy, Chinese universities in Beijing and Shanghai, and 
universities in Pakistan, Bangladesh, Thailand, Indone- 
sia, and Sri Lanka. Doctoral programs are given in 
English and the generous scholarships, available only 
to foreign students, are considered an investment. It 
is assumed that these graduates will serve as a bridge 
between the businesses of their countries and those of 
Japan. The Monbusho scholarships for doctoral 
programs add another 5 years after the doctorate for 
the foreign students to visit their major professor 
(Nishino 1992). 


Singapore 


Singapore has achieved remarkable economic growth 
because of its strategic emphasis on, and effective 
policies for, the development of human resources and 
supporting S&T infrastructure. In the 1960s, Singa- 
pore began to attract multinational corporations and 
embarked on a massive program in industrial training 
to upgrade the skill levels of workers and increase the 
supply of technicians and engineers. As the economy 
has developed, tertiary education has expanded 
through two polytechnics and the National University, 


emphasizing NS&E (see figure 25). In the 1990s, 
Singapore is emphasizing attracting high technology, 
knowledge-intensive industries and internationalizing 
its own local firms. 


Singapore has invested heavily in the National Univer- 
sity of Singapore to supply highly skilled scientists 


Figure 25. Bachelor's degrees 
in S&E in Singapore, by field: 1975-90 
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Figure 26. Bachelor's degrees 


in S&E in South Korea, by field: 
1975-80 
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and engineers. More than 32 percent of the State's 
research and development (R&D) is performed by the 
University and 40 percent of R&D personnel are 
there. In addition, Singapore has greatly expanded its 
overseas education program. 


Gradually, Singapore has phased out labor-intensive 
industry through a high-wage policy. In recent years, 
the training has shifted to produce a highly specialized 
professional labor force, especially in the informa- 


tion—technology-related industry. Singapore’s gradu- 
ate education has expanded programs in systems 
science, microelectronics, advanced computer com- 
munications, and computer-integrated manufacturing. 


South Korea 


South Korea, like many countries in Asia, has aspired 
to promote coherent and self-sustained development 
through education. It emphasizes S&E education 
through special scholarships, exemption from military 
service, and rewarding employment. The Govern- 
ment’s decision to double admissions quotas in 1980 
was an attempt to keep up with industry's demand for 
engineers, computer scientists, and other specialists. 
New local area colleges had to be added to existing 
universities to ease the strain on laboratories and 
computer facilities. Figure 26 shows the fivefold 
increase in S&E degrees over the last 15 years. 


The most prestigious South Korean universities are 
those that survived the Japanese occupation of 1905- 
45. Science and engineering graduates from these 
universities are preferred by major industries. The 
Korean Advanced Institute of Science and Technology 
(KAIST) was established to identify gifted students in 
science, increase support for postgraduate training 
locally, and strengthen research capacity. KAIST, 
along with the Ministry of Science and Technology, 
runs an undergraduate institute for talented students 
who win national science scholarships. The Govern- 
ment is again considering doubling enrollments in 
engineering departments. The current S&T policy 


Table 8. Participation in S&E degrees in South Korea, by sex: 1990 


Male Female 
Field Total 
Number Percentage Number Percentage 

Natural science 23,195 15,953 69 7,242 31 
Engineering 28,071 26,763 95 1,308 5 
Natural science and engineering 51,266 42,716 83 8,550 17 
Social science 10,211 7,579 74 2,632 26 
Total, all fields 165,916 104,627 63 61,289 37 


SOURCE: Government of the Republic of Korea, Ministry of Education 1990 
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National Science Foundation 


Figure 27. Percentage of 22-year-olds 
with natural science and engineering 
degrees in selected Asian countries, 
and the U.S., by total and 
female population: 1985 and 1990 
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States that university advanced degrees will be linked 
with industrial demands through joint research pro- 


jects. 


In South Korea, women receive almost one third of all 
bachelor degrees in the natural sciences and over one 
fourth of the social science degrees (see table 8). 


Overall, South Korea has the highest participation of 
females in natural science and engineering degrees 
among the three Asian countries shown in figure 27. 
Although female participation improved slightly in 
these Asian countries between 1985 and 1990, both 
female and total 22-year-old participation in NS&E 
degrees declined in the United States. 


South Korean graduate education is expanding rapidly 
to overcome the shortage of high-level personnel 
trained beyond the bachelor’s level. Whereas there 
were only 800 master’s and doctorate recipients from 
NS&E faculties in 1976, by 1990 there were 8,000, 
with 900 doctoral degrees (see figure 28). 


To further upgrade the labor force, the Government is 
expanding programs to send students abroad. The 


Figt're 28. Advanced degrees 
(master's and doctoral) in South Korea, 
by field: 1975-90 
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Korean Science and Engineering Foundation has an 
enlarged scholarship program to allow some 10,000 
S&E students to receive postdoctoral training abroad 
by the year 2000. Expatriate scientists and engineers 
are returning as salaries and living and working 
conditions improve in South Korea. 


Taiwan 


Taiwan, like South Korea, controls enrollments in 
higher education and emphasizes engineering (33 
percent of all university students). Its expansion of 
S&E education over the last 15 years is shown in 
figure 29. 


There are limited opportunities for graduate study in 
Taiwan, so students mainly study abroad for advanced 
degrees. The United States provides approximately 77 
percent of Taiwan's doctoral degrees in natural 
science and engineering. 


Female participation in NS&E degrees in higher 
education in Taiwan has gone from | to 1.5 percent of 
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Table 9. Participation in S&E degrees in Taiwan, by sex: 1990 


Male Femaie 
Field Total 
Number Percentage Number Percentage 

Natural science 6,533 4,723 72 1,810 28 
Engineering 8.250 8.110 91 840 09 
Natural science and engineering 15,483 12,833 83 2,650 17 
Social science 3,174 1,167 37 2,007 63 
Total, all fieids 49,136 23,556 61 19,396 39 


SOURCE: Government of the Republic of China, Ministry of Education 1990 


the 22-year-old female population in the last 5 years 
(figure 27). Of the university degrees in natural 
sciences, 28 percent are awarded to women (see 
table 9). 


Figure 29. Bachelor's degrees 
in S&E in Taiwan, by field: 1975-90 
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5. Research and Development by Country 


Indigenous capabilities for original research and de- 
velopment (R&D) are central to the industrial restruc- 
turing of the Asian developing countries to more 
knowledge-based industries and high technology 
production. The performance of R&D in the Asian 
region is concentrated in Government and industrial 
laboratories. Figure 30 shows that South Korea and 
Taiwan have a similar pattern to each other of a large 
industrial research sector and significant participation 
of nonprofit institutes in research. China and India 
are similar in having a large Government research 
sector. A significant consequence of educational 
reform in China over the last 10 years is that universi- 
ties have begun to do research. India does not yet 
survey universities in its biennial R&D survey, but 
university-based R&D is estimated to represent about 
2 to 3 percent of India’s overall research. U.S. 
universities performed two times more research than 


the universities of all six Asian countries com- 
bined—$20 billion compared with $9.6 billion in 1990 
(see table A-18). 


China 


In 1990 China spent 12.6 billion yuan in overall R&D 
(in current yuan), equivalent to $21.4 billion. Of this 
total, the Government financed more than half and 
“enterprises” financed the rest, as shown in figure 31. 
Enterprises include large state-owned industry, as well 
as iocal, collectively owned businesses and small 
private enterprises in economic zones.'' China's 
reform policies have made a very significant attempt 
to change the R&D structure and have put a burden 


'' This follows international standards for R&D reporting. 


Figure 30. R&D in selected Asian countries 
and the U.S., by performer: 1990 
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Figure 31. R&D in selected Asian countries 
and the U.S., by source of funds: 1990 
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on industry to spend more; R&D enterprise spending 
grew remarkably during the 1980s. The non-State 
enterprise sector is the more dynamic, accounting for 
most of the increases in R&D. The proportion of 
Government as a source of funds would be even 
greater if research support by public industries could 
be disaggregated from enterprises and counted as 
Government spending. 


China’s science policy reforms have also required the 
large research infrastructure of the Chinese Academy 
of Science (CAS) to contribute to economic competi- 
tiveness. With large Government budget cuts, the 
CAS has been encouraged to enter cooperative ven- 
tures with domestic industry as well as with industries 
in Hong Kong, Singapore, and Taiwan (Suttmeier 
1990a). 


india 


India built up a strong Government-dominated, broad- 
based science infrastructure over many years. The 
preindependence centers of excellence include the Tata 
Institute for Fundamental Research in Bombay, the 


28 


Indian Institute of Science in Bangalore, and the 
Indian Statistical Institute in Calcutta. In the early 
1900s India established advanced medical and agricul- 
tural research institutes. Since independence, India has 
established research centers under the Department of 
Atomic Energy and 36 national laboratories under the 
Council for Scientific and Industrial Research (CSIR) 
outside the university system. More recently, the 
Department of Space and the Ministry of Bioiechnol- 
ogy have established several strong research centers. 


India’s overall R&D annual investment grew from 3 
to 41 billion rupees (in current national currency) over 
the period 1975-90. In constant dollars, this invest- 
ment grew from $1.7 to $6 billion. 


In 1991, India was not able to continue the previous 
10 percent growth rate in R&D (see figure 32). To 
control the Government's large fisca! deficit, austerity 
measures were introduced in 1991 which squeezed 
credit and suppressed growth. Gross domestic product 
(GDP) growth was only 2 percent; R&D decreased in 
1991. India’s 36 national labs under CSIR are being 
asked to help national industries compete globally. 
More of their funding will have to come from private 
incustry contracts to develop technologies. Whereas 


National Science Foundation 


Figure 32. Growth in R&D 
in india: 1975-92 
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previously CSIR labs were isolated from industry, 
they now have a technology transfer mission. Cur- 
rently, R&D expenditure by private industry is only 
about 5 percent of the nation’s total R&D, the small- 
est percentage in Asia. 


Japan 


Japanese R&D is mainly supported by industry. The 
Japanese Government primarily supports the 16 well- 
equipped research institutes under the Agency of 
Industrial Science and Technology. The Japanese 
White Paper for 1991 states that the Government will 
double its investment in R&D in the next 5 to 10 
years to expand basic research in order to advance 
knowledge, do ground-breaking research, and create 
its own technologies (Government of Japan, Science 
and Technology Agency 1991b). 


Japanese White Papers on Science and Technology 
during the last 20 years have discussed the importance 
to Japan of increasing the support of basic research. 
The 1972 White Paper reviewed the accomplishments 


that had been made through the support of quality 
engineering and a high ratio of R&D investment 
targeted at securing competitiveness (Government of 
Japan, Science and Technology Agency 1972). It was 
rightly reasoned then that Japan had reached a stage of 
development in which off-the-shelf technologies were 
no longer sufficient to meet the challenges of environ- 
mental quality and other basic research needs. The 
Government did increase its support of basic research, 
but industry also increased its research tremendously; 
the Government’s portion of support has therefore 
declined over the 15-year period, as shown in figure 
33. 


The recently revised science and technology (S&T) 
policy states: “Progress in basic research is not as 
great as had been expected” (Government of Japan, 
Cabinet Decision 1992, p. 5). Further, it states that 
Japan will now systematically renew the obsolete 
facilities and equipment of universities and install 
facilities for conducting leading and advanced research 
at universities and centers of excellence. Increasing 


Figure 33. R&D in Japan, by 
source of funds: 1975-90 
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Figure 34. Growth in R&D 
in Japan: 1975-92 
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basic research in Japan is no longer stated as impor- 
tant, but rather as urgent.' 


Japan’s overall R&D investment went from 2.7 to 12 
trillion yen (current currency) between 1975 and 1990. 
In constant dollars, this is equivalent to an investment 
growth from $18 to $56 billion, almost all of it in 
civilian research. If Japan’s R&D expenditure contin- 
ues this growth rate of 7.9 percent, by 1992 Japan will 
be spending nearly $64 billion, as shown in figure 34. 


Japan’s industrially funded R&D has grown faster 
than overall R&D. If Japan continues its 9.9 percent 
growth rate in industrially funded R&D, that sector 
will be 77 percent of that of the United States in 1992 
($52 billion versus $67 billion), as shown in figure 35. 


Singapore 


Singapore’s significance to science and engineering 
resources in the Asian region has not been in R&D 


'2 A recent issue of Nature (Swinbacks 1992) summarizes 


the concrete steps that would have to be taken to 
improve and increase basic research in Japan. 


but in its location, services, information and communi- 
cation infrastructure, and skilled personnel to support 
multinational corporations. Singapore has developed 
its technology absorption capability well and now 
wants to develop its technology creation capability. 
Interest in R&D to enhance innovation is only very 
recent. 


Singapore’s institutional structure for S&T policy, the 
Singapore Science Council, was revamped in 1991 to 
become the National Science and Technology Board 
under the Ministry of Trade and Industry. The 
National Science and Technology Board sponsors 
R&D aimed at specific products. To reposition itself 
as a highly specialized economy, Singapore is setting 
up several research institutes: the Information Tech- 
nology Institute, the Institute for Cellular and Molecu- 
lar Biology, and the Institute for Manufacturing 
Technologies. 


Government support of R&D has risen dramatically to 
increase the nation’s innovative capacity. Multination- 
als have set up research facilities and initiated joint 
R&D projects. In addition, Singapore would like to 


Figure 35. industrially funded R&D 
in the U.S. and Japan: 1975-92 
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attract overseas talent to the R&D laboratories built in 
its new Science Park. 


Performance by sector over the last 15 years is shown 
in figure 36. The private sector accounted for about 
60 percent of R&D expenditures in 1989, the bulk of 
it in the electronics industry, with multinational 
corporations predominating. Singapore’s industrially 
funded R&D is growing at 25.6 percent annually, 
equivalent to $158 million in 1990. 


Singapore’s overall R&D investment went from 38 to 
638 million Singapore dollars over a 10-year period. 
In $PPPs, this is an investment growth from $28 to 
$292 million. There is a very high growth rate, 
averaging 20 percent annually between 1975 and 
1992, but from a very insignificant R&D base, as 
shown in figure 37. 


South Korea 


The South Korean Government has, since 1966, sup- 
ported applied research through a major research and 
development center, the Korea Institute of Science and 
Technology (KIST). The Ministry of Science and 
Technology, established in 1967, has carried out a na- 
tional R&D program since 1982 to develop long-term, 
large-scale high technologies that are essential for im- 
proving South Korea’s comparative advantage in 
international trade. The program is performed through 
joint participation of industries, universities, and 
Government-funded research institutes. The Korean 
Science and Engineering Foundation, KOSEF, mod- 
eled after the National Science Foundation (NSF), 
supports basic research. Like NSF, South Korea is 
establishing Science Research Centers and Engineering 
Research Centers at universities around the country for 
the common utilization of advanced R&D facilities. 
The Daeduk Science Town, 150 kilometers south of 
Seoul, has 50 research institutes and shared facilities. 
South Korea also strives for regional distribution of 
research facilities and has established several smaller 
R&D complexes: genetic engineering in the center 
(Suweon), new materials in the southeast (Ulsan), and 
fine chemistry and precision machinery in the south- 
west (Hanam). 


Figure 36. R&D in Singapore, 
by performer: 1977-90 
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Figure 38. Growth in R&D 
in South Korea: 1975-92 
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South Korea’s overall R&D investment went from 60 
billion to 3.2 trillion won over the period 1975-90. In 
dollars, this is equivalent to an investment growth 
from $378 million in 1976 to $5 billion in 1990. The 
average annual growth rate in R&D expenditures was 
around 23 percent over the 15-year period, as shown 
in figure 38. 


As in Japan, industrially funded R&D in South Korea 
is growing faster than overall R&D. South Korea 
went from an annual investment of $133 million in 
1976 to an annual investment of $4.2 billion in 1990. 
This is an average annual growth of 26.2 percent. At 
this rate of growth, the annual expenditures would 
reach $5.2 billion in 1992, one-tenth of Japan’s 
industrially supported R&D. South Korean firms have 
shown an ability to adapt foreign technologies, ac- 
quired through licensing agreements, to their produc- 
tion requirements. This would not have been possible 
without their R&D capability. Half of the approxi- 
mately 1,000 research institutions in South Korea are 
in private industry and half of these are heavily 
concentrated in the 10 largest chaebol (industrial 
conglomerates), particularly the electronics and 


Figure 39. R&D in South Korea, 
by performer: 1975-90 
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chemical industries. The growth in industrially per- 
formed R&D is shown in figure 39. 


Taiwan 


Relative to South Korea and Japan, Taiwan’s smaller 
business enterprises do not invest heavily in R&D. 
They do, however, join forces to conduct combined 
research for innovative products. Figure 40 shows 
Taiwan’s R&D by sector of performance. 


The Government established the Industrial Technology 
Research Institute (ITRI) in the 1980s to compensate 
for the small firms’ lack of R&D participation. 
Working through ITRI and other institutions, the 
Government has boosted R&D spending to 1.7 percent 
of GDP. Under ITRI, 20 companies joined to suc- 
cessfully make IBM-compatible computers. ITRI’s 
Electronics Research and Service Organization is 
joining with 47 Taiwanese companies to develop 
notebook computers. Taiwan’s “Silicon Valley” is the 
Hsinchu Science-based Industrial Park, established in 
1980 to benefit from the interaction between foreign 
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Figure 40. R&D in Taiwan, 
by performer: 1980-90 


Millions 
of dollars 
000 3,000 


2,500 2,500 


[_} industry 
[| Private nonprofit 


Es Government 
BB University 
NOTE: See table A-18 


Figure 41. Growth in R&D 
in Taiwan: 1975-92 
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high technology investment and technology transfer, 
dynamic R&D consortia, and Taiwan’s expanding 
higher education system in S&T. 


Taiwan’s overall R&D investment went from 6 to 7] 
billion New Taiwanese dollars from 1978 to 1990. 


In dollars, this is an investment growth from $388 
million to $2.4 billion, as shown in figure 41. If 
Taiwan is able to maintain this 15 percent annual 
growth rate, it will be spending about $2.9 billion in 
R&D in 1992, approximately equal to the annual 
budget of the National Science Foundation. 
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6. Gross Domestic Product by Country 


The economies of the six countries studied for this re- 
port have flourished, allowing for the very high 
growth rates in research and development (R&D) 
investment and precipitating the need for an ever-more 
talented labor force. The per capita gross domestic 
product (GDP) has doubled in South Korea and 
Singapore over the last 15 years, and tripled in Tai- 
wan. Japan’s per capita GDP has increased by one- 
third. See figure 42. 


China 


China’s GDP grew from 358 billion yuan in 1978 (in 
current national currency) to 1.7 trillion yuan in 1990, 
a growth rate of 14.9 percent. In purchasing power 


Figure 42. Per capita GDP 
in selected Asian countries 
and the U.S.: 1975-90 
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parity dollars ($PPPs), this is equivalent to increasing 
from $1.6 trillion to $2.9 trillion, as shown in figure 
43. The GDP growth rate in constant currency has 
been more than 6 percent since China opened up to 
the West in 1982; 4.9 percent over a 12-year period. 
This growth has been fueled by exports to U.S. open 
markets, which reached $15 billion in 1991. One 
growth industry in the Fujian economic zone has been 
the assembly of semiconductors, with Taiwanese 
companies entering China for lower costs and the 
supply of highly educated engineers. Another eco- 
nomic zone in Guangdong, across from Hong Kong, 
draws in foreign capital, companies, and expertise. 
By 1991 there were 37,000 joint venture enterprises 
and 28 economic development zones. 


india 


India’s economy has grown from 790 billion rupees in 
1975 (in current national currency) to 5.2 tnillion 
rupees in 1990. In 1990, its GDP was equivalent to 
$770 billion. In constant currency, the Indian econo- 
my grew at 5 percent in the last 15 years, as shown in 
figure 44. 


In 1991, India made a substantial shift toward a more 
liberal economic policy on direct foreign investments. 
Joint ventures may now have up to 51 percent foreign 
equity participation, and many have been quickly 
approved by the Government. For example, IBM, 
which left India in 1977 because of restrictive poli- 
cies, iS now returning in a SO—SO joint venture with 
the Tata Group to produce personal computers and 
software packages for exports as well as for sale to 
the local market (United Nations 1992). 


However, there is still no large-scale investment from 
abroad nor any big jump in exports. A balance of 
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Figure 43. Growth in GDP 
in China: 1975-92 
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payments crisis was triggered by the collapse of the 
Soviet Union, India’s main trading partner, and the 
impact of high oil prices during the Gulf War. India 
is undergoing a program of structural reform, closing 
down financially draining State industries, providing 
infrastructure and  telecommunications, lowering 
tariffs, and bringing the deficit under control. Auster- 
ity measures introduced in 1991 resulted in a GDP 
growth rate of only 2 percent that year. 


Japan 


Japan’s economy grew from 148 trillion yen in 1975 
to 415 trillion yen in 1990 (in current national curren- 
cy), with a growth rate of 6.6 percent. In dollars, this 
is equivalent to a $1.9 trillion economy in 1990, with 
a growth rate of over 4 percent in constant currency, 
as shown in figure 45. Japan has approximately the 
same percentage of GDP invested in R&D as does the 
United States (2.9 and 2.8, respectively), but Japan’s 
economy has more heavily invested in new plant and 
equipment throughout the 1980s. Japan's GDP 
growth rate is slowing, but the country will still reap 
the benefit to productivity improvement of this heavy 


Figure 44. ‘Srowth in GDP 
in India: 1975-92 
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Figure 45. Growth in GDP 
in Japan: 1975-92 
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investment in modern industrial processes and infra- 
structure. 


Japan’s investment in industrially funded R&D corre- 
lates with the number of U.S. patents granted over the 
last 15 years, as shown in figure 46. 


Singapore 


Singapore’s economy grew from 13 to 64 billion 
Singapore dollars (in current national currency) 
between 1975 and 1990, with a growth rate of more 
than 10 percent. In dollars, this is equivalent to $26 
billion in 1990, with a growth rate of more than 7 
percent, as shown in figure 47. 


About 17 percent of Singapore’s GDP is based on 
production of information technology hardware. 
Singapore wants to be a computer information-based 
economy in the near future and has invested in people 
and research centers to facilitate this shift. Singapore 
has outstanding researchers in information systems and 
computer science, many of whom received doctoral 
training in the United States. The National University 
of Singapore is cited as one of the centers of excel- 
lence in Southeast Asia where significant research is 
being done, of as high a quality as U.S. research in 
areas of data base systems and design automation 
(Kahaner 1992). The U.S. National Science Founda- 
tion (NSF) has established, with Agency for Interna- 
tional Development funding, information-education 
exchange linkages among NSF-funded university 
research centers and these Singapore research centers. 
The University of Pittsburgh's Parallel, Distributed & 
Intelligent Systems Center will link with the Institute 
of Systems Science of the University of Singapore, 
and Carnegie Mellon’s Data Storage Systems Center 
will link with the University of Singapore’s Magnetic 
Technology Center (Lepkowski 1992). 


South Korea 


The South Korean GDP has grown from 10 to 142 
trillion won (in current national currency) over the last 
15 years, with a 19.8 percent growth rate. In dollars, 
this is equivalent to a $248 billion economy in 1989, 
with a growth rate of more than 8 percent, as shown 


Figure 46. industrially funded R&D 
and U.S. patents granted to 
inventors from Japan: 1975-90 
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Figure 47. Growth in GDP 
in Singapore: 1975-92 
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in figure 48. South Korea is now a net exporter of 
foreign direct investments. 


South Korea’s investment in industrially funded R&D 
correlates with the number of patents granted over the 
last 15 years, as shown in figure 49. 


Taiwan 


Taiwan’s GDP grew from 590 billion to 4 trillion 
New Taiwanese dollars (in current currency) over the 
15-year period, with a growth rate of 14.2 percent. 
Taiwan has been exporting far more than it imports 
since the early 1980s, particularly electronics, comput- 
er chips, machinery, and textiles, and reached a trade 
surplus of $13 billion in 1991. 


In dollars, Taiwan had a $146 billion economy in 
1990, with a growth rate of more than 10 percent, as 
shown in figure 50. 


In trying to upgrade industry and acquire foreign 
technology, Taiwan is entering joint ventures with 
U.S. companies. Its large financial reserves are also 
being used for investments in developing countries, 
exceeding $5 billion in Malaysia since 1987. Current- 
ly focusing on China, Taiwan is investing in setting 
up factories, not just in the southern economic devel- 
opment zone of Guandong Province. The bulk of 
Taiwan’s investment is in Fujian Province, where high 
technology firms are located, but investments are also 
being made in other Provinces. No longer necessarily 
using Hong Kong as a third party for investment, 
Taiwan can now make direct investments in China. 
Taiwan’s exports to the United States have recently 
fallen, but Taiwan is developing its China market. 
There are many more open exchanges of science and 
engineering delegations between China and Taiwan. 


Taiwan has a large number of patents relative to the 
small amount of industrially funded R&D, as shown 
in figure 51. The Director of the Planning and 
Evaluation Division of Taiwan’s National Science 
Council explained some of the reasons for this imbal- 
ance: Because many electronic consumer items are 
sold in the United States, Taiwan is very careful to 
register all patents to avoid lawsuits with the United 
States. Additionally, the Industrial Technology 


Figure 48. Growth in GDP 
in South Korea: 1975-92 
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Figure 50. Growth in GDP 
in Taiwan: 1975-92 
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Research Institute (ITRI) evaluates R&D programs it 
funds by patents, so researchers are encouraged to 
patent their ideas. 


To accelerate industrial research and innovation, 
Taiwan's recent National Development Plan provides 
$18 billion in funds for speeding up technology 
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Figure 51. industrially funded R&D 
and U.S. patents granted to 
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development and increasing R&D. Since Taiwan sees 
its future economic success in moving away from 
hardware to software and in developing future mar- 
kets, it will establish a software industrial park to 
accelerate the development of specialized areas in a 
domestic software industry. 


7. Prospects for the Future 


Will the production of scientists and engineers in the 
six Asian countries studied be sufficient to meet future 
needs of this dynamic world region? How this 
question is answered will be important for scientific, 
technological, and educational policies of these 
countries and will have consequences for related 
policies in other regions of the world, such as the 
effect on supply in countries that depend on immigra- 
tion of scientists and engineers from these regions. 


Many Asian countries are concerned about the adequa- 
cy of their supply of scientists and engineers. The 
following section discusses assessments of the scientif- 
ic workforce from the perspective of the countries in 
the region. It also discusses some of the policies and 
programs being put into place in these countries in 
order to address their perceived demand for scientists 
and engineers. 


Japan has been concerned about an adequate supply of 
scientists and engineers because of the decline in the 
number of 20- to 24-year-olds. The Japan Science 
and Technology Agency (STA) has been trying to 
estimate future supply and demand for numbers of 
research scientists and engineers (RSEs). In one 
initial study it commissioned, a simple regression 
model was used to estimate demand as a function of 
real gross domestic product (GDP) and supply as a 
function of the population of the labor force (Nagata 
n.d.)."” 


The methodology of the above study utilizes various 
projections of GDP and the size of the labor force for 
future years. Using this simple regression, future esti- 


This is only one approach used in Japan's analysis of 
future science and engineering labor markets. The 
Japanese Government is planning a major new study to 
determine the current and future supply of scientists and 
engineers in its labor force. 


mates for the demand for RSEs were computed to 
present two possible demand and supply scenarios, 
one for continued GDP growth of 4 percent, and one 
for a lower GDP growth of 3 percent. Under both of 
these scenarios, there appeared to be a problem in 
meeting the necessary supply. 


Although a precise estimate for demand is difficult to 
determine, Japan is already implementing policies to 
avoid a possible gap in supply and demand for RSE. 
Japan’s new science and technology (S&T) policy 
calls for simplifying administrative work so that 
researchers can concentrate more on R&D, encourag- 
ing female participation, and allowing the elderly to 
continue working. 


A key part of this policy is to attract researchers from 
all over the world and intensify cooperation in culti- 
vating human resources with countries in the Pacific 
Rim (Government of Japan, Cabinet Decision 1992). 
Japan is also expanding employment and fellowships 
for foreign researchers. Science magazine recently 
reported that about one-third of the graduate students 
in Japanese university laboratories are Chinese (Myers 
1992) and, in 1991, 40 percent of all of Japan's 
doctoral students in engineering came from overseas. 


Singapore, South Korea, and Taiwan also report 
projected labor shortages in 1992 (Low 1992). With 
greater prospects of direct foreign investment flowing 
across the Pacific Rim, there will be higher demand 
for scientists and engineers as well as for administra- 
tive and managerial personnel. 


Singapore faces a labor shortage at all skill levels. 
Foreign workers allowed into the service sector 
number 200,000-250,000, or about 15 percent of the 
total labor force. Singapore's drive toward restructur- 
ing the economy to high technology exports has 
required tapping skilled labor from South Korea, 
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Taiwan, Hong Kong, and China. Singapore has been 
successful in recruiting 60 doctorate holders from 
China for new research institutes in its science park 
(Wong 1992), but still lacks the critical mass of 
trained doctorate recipients to do original research. 


South Korea has a labor shortage in highly skilled 
workers and technicians and a decline in the size of 
the absolute labor force. In Taiwan, the service sector 
has become the main employment sector, increasing 
the need for professional and technical workexs (Low 
1992). These countries, like Japan, are implementing 
policies to avert a lack of RSEs in the 1990s. South 
Korea is rapidly expanding graduate education to 
overcome the shortage of high-level personnel trained 
beyond the bachelor’s level. To further upgrade the 
labor force, the Korean Government is expanding 
programs to send students abroad. The Korean 
Science and Engineering Foundation (KOSEF) has an 
enlarged scholarship program to allow some 10,000 
science and engineering (S&E) students to receive 
postdoctoral training abroad by the year 2000. 


In addition, the Government has attracted Korean 
scientists and engineers who had been living abroad 
back to South Korea, as salaries and living and 
working conditions have improved. In the late 1960s, 
South Korea recruited 300 experienced and new 
doctorate holders with very attractive positions and 
salaries in a Battelle-type research institute, the Korea 
Institute of Science and Technology (KIST). Five 
years later, a similar recruitment successfully brought 
back 300 S&T personnel to be faculty in the Korean 
Advanced Institute of Science and Technology 
(KAIST). In the late 1980s, POSEK, an S&T institute 
modeled after the Massachusetts Institute of Technol- 
ogy, convinced 200 Koreans with doctorates work ing 
in the United States to come back. POSEK is the 
second most prestigious teaching institute after the 
Seoul National University (Hong 1992). 


Taiwan makes a concerted effort to attract back S&T 
personnel educated in the United States. Its Manpow- 
er Planning Department assesses required manpower 
with advanced degrees for strategic industries, plans 
for recruitment from abroad, and designs the expan- 
sion of S&T university education in Taiwan. The pay 
scale for high-level experts is made attractive and the 
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equipment and research environments of S&T depart- 
ments at universities are improved. During the period 
1976-91, the number of S&T returnees registered by 
the Government’s Youth Employment Service Agency 
increased from 393 to 1,157. A far greater number 
return for employment without the assistance of this 
agency. National Conferences on Science and Tech- 
nology are often held in Taiwan to establish channels 
of communication with overseas scholars so they can 
be recruited more easily when their services are 
needed. The National Six Year Plan for S&T Devel- 
opment 1991-1996 includes a Project for the Develop- 
ment, Recruiting, and Utilization of S&T Human 
Resources. The Plan also calls for 25 new universities 
to increase S&T higher education, expand graduate 
education, and improve S&T instructors at all levels 
of education (Chang 1992, p. 8). 


China’s Ministry of Personnel has a 10-year program 
for developing human resources for an export-oriented 
economy in coastal and river areas. One such area, 
the city of Shanghai, has 30,000 S&T personnel, but 
estimates a need of 90,000 by 1995 (Shengyun 1992). 
One obstacle to China’s export-oriented economic 
development is the severe lack of qualified personnel 
with the required knowledge and technical ability. To 
overcome this, China will strengthen on-the-job 
training, greatly expand special fields of study, and 
encourage the return home of students studying 
abroad. 


Given its very high production of natural science 
doctorates, India will have many more graduates than 
could be hired by its research community. If China 
and India are able to maintain their level of production 
of S&E graduates in the next several years, they may 
be able to provide the research personnel in demand 
in other Asian countries in the next decade. The 
difficulty for China will be to continue producing 
more scientists and engineers for rapid economic 
development while moving slowly in the political 
arena. Although waves of reform have allowed goods 
and capital to move relatively freely around China, 
labor does not follow the rules of the market, but 
rather the rules of the state bureaucracy. “[FJor the 
most part, people still need formal permission to move 
from place to place” (Survey of China 1992, p. 8). 
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Needs for Further Research 


More research must be performed in each of the areas 
covered in this report to develop a complete analysis 
of the S&T human resources situation in the Asian 
region. For example, more data are needed on 
China’s stock of S&E personnel, as well as on 
China’ s quantitative accomplishments in strengthening 
S&T education for economic development and its 
technically qualified cadre of young professionals. 
Attention should be given to the interrelationships 
between Asian S&T capacity and higher education 
training in other countries, especially the United 
States. How big a role do Asian-born U.S.-trained 
scientists who are working in the United States play in 
Asian S&T development? Further study should also 
explore mobility among these Asian countries and 
throughout the world for graduate degrees in S&E and 
research employment in industry, government insti- 
tutes, and universities. In 1991, Japan received 
41,000 students from the Asian region for university 
and advanced education, the United States about 
230,000. Further research is needed on how Japan is 
changing to make its universities accessible and to 
transfer technology and engage in cooperative technol- 
ogy development. The extent to which Japan will 
look to China, India, and Russia for tapping the S&E 
pool has implications for the supply to the United 
States and the producing countries. 


The effect of contact of S&E personnel from China 
and India with the smaller dynamic Asian economies 
in getting research activities out of government 
research institutes and into industrial enterprises 
should also be studied. In particular, interaction 
between mainland China and Asia’s newly industrial- 
ized economies (NIEs) with linguistic and cultural 
similarities (Singapore, Hong Kong, Taiwan, and 
Maiaysia) should be studied to see how the NIEs’ 
knowledge of markets, contribution of venture capital, 
and managerial talent will facilitate China’s manufac- 
turing, financial, and marketing capabilities. 


More research is needed on the factors contributing to 
economic growth in the region including the effects of 
various national strategies for economic growth, e.g., 
policies toward foreign direct investment and import 
substitution. Of particular interest to Western coun- 
tries is to examine the path of open markets taken by 


some Asian economies (Hong Kong, Taiwan, Singa- 
pore, South Korea, and recently India). More work is 
needed on developing the methodologies and data 
necessary for estimating supply and demand for 
scientists and engineers in all countries. 


Since many S&T initiatives in Asian nations are 
similar (e.g., information industry, advanced materials, 
biotechnology), the particular scientific strengths and 
the research niche of each country should be assessed 
in regional and international scientific workshops. 
Scientists and engineers should identify opportunities 
for increased collaboration with the United States and 
with each other that would blend strengths in both 
research and product development. 


implications for the United States 


The following conclusions can be drawn from this 
study: 


e The six Asian countries studied will continue to 
use the U.S. higher education system. The sharp 
jump in the value of Asian currencies relative to 
the dollar has greatly increased the number of 
Asian students with the financial capacity to study 
in the United States, and will continue to do so. 
The countries’ continued expansion of graduate 
education in science and engineering does not 
decrease their need for overseas study. China has 
begun a “self-reliant” effort to educate doctoral 
students within China, possibly because the 
majority educated in the United States remain 
here (see table 10). However, the need for for- 
eign and domestic education grows together 
(Cummings n.d.). These Asian countries cannot 
meet the demand for quality higher education fast 
enough nor can they staff new or expanded 
domestic institutions without relying on graduate 
training abroad, often in the United States. 


¢ Foreign graduate student enrollment in U.S. 
universities and preference for natural science and 
engineering (NS&E) degrees will help to maintain 
U.S. doctoral programs’ emphasis in these sub- 
jects. Doctoral programs in S&E fields in the 
United States have grown relatively faster than in 
non-S&E fields. Between 1975 and 1990, the 
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ratio of NS&E degrees to total doctoral degrees in 
the United States increased from 35 to 45 percent. 
Since Asian foreign graduate students come 
mainly for science and engineering fields, they are 
and will continue to be an integral part of U.S. 
universities’ S&E strengths. 


These Asian countries will begin to challenge the 
United States for the S&T personnel educated in 
U.S. universities for their own high technology 
economies. Asians have accounted for more than 
half of all scientists and engineers immigrating to 
the United States between 1970 and 1985 and 
were still over half in 1988 (National Science 
Foundation 1986 and 1990). In 1988, about 
3,600 Asian scientists and engineers were certified 
for entry visas (including temporary visas) by the 
U.S. Department of Labor; twice as many may 
receive entry by relatives rather than by certifica- 
tion and eventually work as scientists and engi- 
neers in the U.S. labor force. In 1991, more than 
2,600 new Asian doctorate holders in S&E from 
U.S. universities planned to stay in the United 
States (see table 10). 


However, since the Asian region will be an 
economically and scientifically important area 


needing S&E personnel, these Asian countries 
will be increasingly attractive to their students 
who have academic and industrial experience in 
the United States (Pedersen n.d.). Taiwan and 
South Korea have been particularly successful in 
attracting their students to return, offering large 
incentives to start companies in critical technolo- 
gies. (Table 10 shows the decreasing percentage 
of Taiwanese and Koreans who plan to stay in the 
United States.) 


¢ Continued linkage with Asian scientists and 


engineers trained in the United States through 
international S&T collaboration would foster a 
free flow of RSE personnel between the East and 
West. U.S.-trained Asian scientists and engineers 
are our natural counterparts in international col- 
laboration.'* 


'* For areas of scientific excellence in Asia, see the 
quarterly publication Scientific Information Bulletin of 
the Office of Naval Research, Asian Office, Unit 45002, 
APO AP 96337-007. The Tokyo Office of the National 
Science Foundation has reports available on STIS, 
NSF’s on-line Science and Technology Information 
System. 


National Science Foundation 


Table 10. Asian doctoral recipients in natural science and engineering 
from U.S. universities who plan to stay in the United States: 1980, 1990, and 1991 


Plan to stay Firm plans to stay “© 
Country Total “” 
Number Percentage Number Percentage 
1980 
China “ 280 157 56.1 131 46.8 
India 339 248 73.2 201 59.3 
Japan 47 19 40.4 13 27.7 
South Korea 87 51 58.6 44 50.6 
Taiwan 399 255 63.9 214 53.6 
Total 1,152 730 63.4 603 52.3 
1990 
China 964 585 60.7 413 42.8 
India 630 430 68.3 341 54.1 
Japan 75 36 48.0 29 38.7 
South Korea 766 271 35.4 200 26.1 
Taiwan 931 428 46.0 287 30.8 
Total 3,366 1,750 52.0 1,270 37.7 ; 
1991 _ 
China 1,520 1,265 83.2 778 51.2 
India 633 496 78.4 364 57.5 
Japan 73 32 43.8 23 31.5 
South Korea 827 334 40.4 209 25.3 
Taiwan 981 539 54.9 313 31.9 
Total 4,034 2,666 66.1 1,687 41.8 


Total doctoral recipients in natural science and engineering 


) Doctoral recipients who think they will locate in the United States 
‘Doctoral recipients who have postdoctoral research appointments or academic, industrial, or other firm 


employment in the United States 
“) China data are for 1987, the earliest year for which data are available. 


SOURCE: National Research Council 1992 
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8. Methodology and Notes on Data Series 


international Data 


UNESCO Data 


Dr. Morton Brown of the Division of Statistics of the 
United Nations Educational, Scientific, and Cultural 
Organization (UNESCO) provided the National 
Science Foundation (NSF) with available data on 
enrollments and graduates in six fields of science and 
engineering, by gender, for more than 150 countries 
for the time period 1975-88. The fields of study (i.e., 
a student’s main area of specialization) were as 
follows: 


¢ social and behavioral science 

¢ natural science 

¢ math and computer science 

* engineering 

* agricultural science 

* medical science (medical science data were 
not used in this report) 


Dr. Brown provided data in these fields by level of 
programs. The definitions used for program levels are 
based on the International Standard Classification of 
Education (ISCED) and are as follows: 


Level 5: Programs leading to an award not equivalent 
to a first university degree. Programs of this type are 
usually practical in orientation in that they are de- 
signed to prepare students for particular vocational 
fields in which they can qualify as high-level techni- 
cians, teachers, nurses, production supervisors, and the 
like. 


Level 6: Programs leading to a first university degree 
or equivalent qualification. Programs of this type 
comprise those leading to typical first university 


degrees, such as a bachelor’s degree or a license, or to 
first professional degrees such as doctorates awarded 
after completion of studies in medicine, engineering, 
or law. 


Level 7: Programs leading to a postgraduate univer- 
sity degree or equivalent qualification. Programs of 
this type generally require a first university degree or 
equivalent qualification for admission. They are 
intended to reflect specialization within a given 
subject area. 


ISCED program levels do not guarantee comparability 
of degrees across countries. 


The degree data were verified country by country 
through national education statistics. See National 
Data for each country below or the bibliography for 
source documents. Educational statistics for each 
country were reconfigured to the NSF classification of 
fields of science. American and foreign scholars 
familiar with higher education in each country trans- 
lated documents and_ reconfigured university 
departments’ statistics to the NSF classification of 
fields of study in the Integrated Postsecondary Educa- 
tion Data System (IPEDS). 


Demographic Data 


UNESCO's Division of Statistics provided demo- 
graphic data by age segments for all countries. 


Dr. My T. Vu, a demographer with the World Bank, 
provided data files for China, India, Japan, Singapore, 
Korea, and Hong Kong from the forthcoming 1992 
edition of East Asia and Pacific Region, South Asia 
Region Population Projections (Bos, Vu, and Levin 
1992). 


Human Resources for Science and Technology: The Asian Region 47 


Mr. Charles Peng provided demographic data on 
Taiwan from the Statistical Yearbook of the Republic 
of China (Government of the Republic of China, 
National Science Council 1989). 


GDP Data 


National accounts time-series data for gross national 
product (GNP), gross domestic product (GDP), and 
deflator and exchange rates for 1975-90 were obtained 
from the International Monetary Fund’s /nternational 
Financial Statistics Yearbook for 1990, 1991, and 
1992 (International Monetary Fund 1990, 1991, 1992). 


University of Pennsylvania 
“Penn World Tables" 


Current national currencies were converted to constant 
1987 national currencies and then converted to 1987 
constant purchasing power parities ($PPPs) using the 
University of Pennsylvania World Tables of Interna- 
tional Price Comparisons, developed by Dr. Alan 
Heston and Dr. Robert Summers. 


The “Penn World Tables” are based on the United 
Nations International Comparison Program (ICP) 
empirical benchmark studies conducted in 1970, 1975, 
1980, and 1985. The ICP studies are pricing exercises 
of identically specified goods and services to estimate 
price parities for each country’s currency and an 
overall purchasing power parity that makes real 
comparisons across countries possible. For countries 
that are not part of the ICP studies, Heston uses post 
allowance estimations of the Department of State for 
comparative prices. 


The underlying work for $PPPs has been for particular 
outputs, e.g., food, clothing, and services. No $PPPs 
exist for inputs; neither is there a specific $PPP for 
research and development (R&D). Using the overall 
$PPP will not be perfect, but it is much preferable to 
using the official exchange rate to compare R&D 
across countries because the latter measure is volatile 
and would be very misleading. Most international 
organizations (e.g., the European Community, the 
Organisation for Economic Co-operation and Develop- 
ment [OECD], and the United Nations Development 


Program) and some governmental organizations (such 
as the Agency for International Development) now 
extensively use $PPP-based comparisons. Planned 
economies are not formal members of the ICP project. 
Price samples are from other sources. 


National Data 


China 


Education data. UNESCO enrollment and graduate 
data were verified with the estimates made by Dr. Leo 
Orleans, a China scholar at the Library of Congress. 
It is Dr. Orleans’ opinion that the UNESCO figures 
for Chinese students and degrees are conservative, not 
inflated. No attempt was made to derive estimates for 
the early missing years (1975-81) because the quality 
of the worker-peasant-soldier-scholars admitted to 
Chinese universities in the 1970s would not be com- 
parable to students in other countries. 


Known uncertainties in R&D data = The first 
R&D survey of 1985 showed how hard it was to 
capture R&D expenses from the extensive system of 
R&D institutes built in the 1950s. With the “Great 
Leap” of 1958, scientists were encouraged to learn the 
science, technology. and production wisdom of the 
masses, and R&D was decentralized. Scientists and 
engineers in R&D came under the control of “work 
units.” 


For the 1985 R&D survey, then, central and local 
governments had to cooperate to have data come up 
from these work units and there is a lack of consisten- 
cy in the concept of R&D at each level. The State 
Education Commission, which has a strong desire to 
produce accurate, internationally comparable statistical 
data, uses a strict definition of R&D in its survey of 
R&D in the universities. The State Science and 
Technology Commission collects data from Govern- 
ment research institutes in the natural and social 
sciences (county, local, ministerial, the Chinese 
Academy of Science. etc.). Its reports, entitled 
Science and Technology Statistics, are not yet fully 
comparable to international standards. The Science 
and Technology Department of the State Statistical 
Bureau collects R&D information on large and 
medium-sized enterprises. By 1988, the annual White 


National Science Foundation 


Paper incorporated data from all three of these 
sources. 


China would like to capture R&D expenditures in its 
surveys and then corroborate these numbers through 
national budget data. There are many problems to 
overcome. There are major sections in the national 
budget for health, education, science, and culture, but 
no one knows what the R&D component is. The 
State Statistical Bureau uses the concept of technologi- 
cal development, which can include science and 
technology (S&T) administration projects and S&T 
services. 


R&D data on China were obtained from Richard P. 
Suttmeier (1990b) and from Mr. Zhao Yuhai of the 
Division of Statistics, Department of Planning, State 
Science and Technology Commission, in a seminar he 
gave at NSF in April 1991 and in follow-on corre- 
spondence in May 1991. 


GDP data. Dr. Jeffrey Taylor, formerly of the 
Bureau of Census, International Statistical Programs 
Center, and currently with the China Branch of the 
International Monetary Fund (IMF), recommended 
computing GDP and deflators from the original 
source, the Statistical Yearbook of China (Government 
of the People’s Republic of China 1991), instead of 
from the IMF figures. GDP was computed from the 
values given for the primary, secondary, and tertiary 
sectors of the Chinese economy. The deflator was 
rebased from 1978 to 1987, and the Penn World 
Tables were used to convert constant yuan to constant 
$PPPs. 


india 


Education data. UNESCO had received only 2 
years of enrollment and graduate data on India: 1974 
and 1978. Dr. A.R. Rajeswari of the Department of 
Science and Technology in India provided data for 
1947-83 from the Survey of the Council of Scientific 
and Industrial Research. More recent data—for 1974, 
1979, and 1984—86—were reported in the Pocket Data 
Book, 199] (Government of India, Department of 
Science and Technology 1991). At NSF's request, the 
Department of Science and Technology supplied 1987 
degree data. Social science data are not included and 


math and computer science are included in natural 
science. 


Known uncertainties in R&D data. The higher 
education sector has traditionally not been surveyed in 
R&D statistics that have come out since 1973. There 
are 8,000 colleges in India and it was difficult for 
academic staff to apportion time between research and 
teaching to classify clearly the human resources 
employed for R&D and auxiliary activities. It is also 
considered too difficult to provide data on R&D 
expenditures. Recently, however, {ndia’s Institute of 
Applied Manpower Research (1991) has published its 
first survey, sponsored by the Government's Depart- 
ment of Science and Technology. Data on social 
science research are not collected, social science 
research is not included in the overall R&D figures for 
India, and social scientists are not included in S&T 
human resources statistics. 


GDP data. These data were obtained from the 
Government of India’s Central Statistical Organization 
(1991). 


Japan 


Education data. Mr. Toshio Kudo, a Fellow in the 
Japan Program of the NSF Division of International 
Programs, provided line by line translation of all fields 
of science included in the six categories, requested 
and received a detailed written explanation of how 
Monbusho data are reported to UNESCO, and request- 
ed and received the detailed Monbusho Survey otf 
higher education for the years 1975-90 (Government 
of Japan, Ministry of Education, Science, and Culture 
1975-90). 


Japanese enrollment and graduate data are submitted 
to UNESCO from the Menbusho Survey. UNESCO 
requests that the Ministry disaggregate math and 
computer science from natural science, so Japan 
reports them separately to UNESCO but aggregates 
them for its national statistics. UNESCO also re- 
quests that agricultural engineering be included in 
engineering. For national statistics, the Government 
reports it as an agricultural science. NSF made one 
further adjustment to the Japanese data: Agricultural 
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economics was subtracted from agricultural science 
and added to social science. 


R&D data. R&D data for Japan were obtained from 
the Government of Japan’s Statistics Bureau, Manage- 
ment and Coordination Agency (1991) and Science 
and Technology Agency (1991a). 


Adjusted data in R&D. The Organisation for 
Economic Co-operation and Development (OECD 
1992) provided adjusted Japanese data (line 26 in each 
OECD table) below the reported Japanese submission 
(line 13). The adjustments convert head counts of 
research scientists and engineers (RSEs) to full-time 
equivalents (FTEs). The adjusted data still appear in 
OECD 1992 with the notation (L), “Overestimate,” 
because the head count reported by industry has not 
yet been converted to FTEs. 


The OECD adjustments cause a reduction in Japanese 
overall R&D of 8 percent and a reduction of overall 
RSEs by 20 percent. Industrial reporting of FTEs and 
industrial R&D is not adjusted. University-performed 
R&D is reduced by 45 percent. In other NSF reports, 
the numbers used for Japanese R&D scientists and 
engineers have been adjusted by using only natural 
scientists and engineers. Therefore, the data differ 
somewhat. 


Singapore 
Education statistics. Dr. S. Gopinathan, Director 


of the Comparative Education Center, National Uni- 
versity of Singapore, provided University Annual 
reports on graduates. 


R&D data. R&D data were obtained from the 
Government of Singapore's Science Council of 
Singapore (1984-85 and 1987-88) and National 
Science and Technology Board (1990). 


South Korea 
Education data. South Korean data submitted to 


UNESCO cover the years 1975-77 and 1980-89. 
They were verified against Korean Ministry of 


Education data, with the assistance of the Education 
Attache. Education data on enrollments and graduates 
are contained in the Yearbook of Educaiional Statistics 
(Government of the Republic of Korea 1976-77 and 
1983-90). The data disaggregate junior colleges, 
colleges and universities, and graduate schools. 
Advanced degrees disaggregate master’s and doctoral 
degrees, and all levels disaggregate gender. 


Data reconfiguration was possible for South Korea and 
Japan because of the level of detail available. Recon- 
figuration of South Korean data included the follow- 
ing adjustments for comparability with U.S. data: 


e In the social sciences, 11 departments out of the 
60 listed in the Yearbook of Educational Statistics 
are in fields of science in IPEDS. Anthropology 
from the humanities list and agricultural econom- 
ics from the agricultural scientists list are added to 
the social science total. 


¢ Five departments of math and computer science 
are subtracted from the natural science total. 


¢ The above five departments from the natural 
science list and five departments from the engi- 
neering list make up the math and computer 
science list. 


¢ For engineering, seven inappropriate departments 
(architecture and computer science courses) are 
subtracted and agricultural engineering is added 
from agricultural science. 


Known uncertainties in enroliment and gradu- 
ate data. A classification expert, Dr. Stephen Hunt 
of the National Center for Educational Statistics, 
assisted in reconfiguring the Korean education data 
and selected departments comparable to U.S. defini- 
tions of these fields of science. However, similar 
labels for departments may not mean a similar educa- 
tion. For example, one cannot be sure whether 
industrial engineering in South Korea is engineering 
technology or a broader and more advanced engineer- 
ing program. Does South Korea's food science and 
technology program have a curriculum equivalent to 
a bachelor’s engineering degree in the United States? 
Does the information processing department have a 


National Science Foundation 


high or low level of curriculum? Are East 
Asian Studies, or any area studies program, closer to 
humanities or social science? 


R&D data. South Korean R&D data were obtained 
from the Government of the Republic of Korea’s 
Ministry of Science and Technology (1990). Missing 
data on overall R&D and breakdown by type, by 
source of funds, and by performer were requested and 
received from the Ministry of Science and Technology 
through the Korean Science Attache in Washington. 


Additional industrially funded R&D information was 
obtained from Dr. Denis Simon of the Fletcher School 
of Law and Diplomacy, Tufts University. 


Taiwan 


Education data. Since no UNESCO data are 
available on Taiwan, degree data were derived from 
three documents of the Ministry of Education Statis- 
tics, each with different levels of detail on depart- 
ments of science and engineering. The most detailed 
information by department and subdiscipline was 
contained in the Educational Statistics of the Republic 
of China (Government of the Republic of China, 
Ministry of Education 1982-90) for the years 
1987-91. Because this detail was available, Taiwan's 
science and engineering fields were reconfigured to 
standard classification of fields of science. More 
summary degree data were available in annual reports 
of the Ministry of Education for the years 1982-86, 


but no standardization of the data was possible. A 
summary document was used for the years 1976-81 
containing department totals only. These documents 
were obtained from the Coordination Council for 
North American Affairs for 1982-91. Mr. Charles 
C.T. Peng provided the translation of fields of science 
in these educational statistics and obtained the earlier 
missing years, 1975-81, from the Ministry of Educa- 
tion in Taipei. 


R&D data. Mr. Peng also provided the R&D data 
series from the Government of the Republic of 
China’s National Science Council (1988, 1989). 


United States 


Education data. U.S. education data were obtained 
from the Institute of International Education (1991a, 
1991b); the NSF (1991, 1992b); and the National 
Research Council (1992), including special tabulations 
on postgraduation plans of doctorate recipients in 
1980, 1990, and 1991. 


R&D data. R&D data for the United States were 
obtained from the NSF (1992a). 

Regression Data 

Tables 11 through 13 illustrate the factors used to 


compute growth in R&D, industrially funded R&D, 
and GDP. 


Human Resources for Science and Technology: The Asian Region 51 


Table 11. Regressions to compute growth in research and development 


in selected Asian countries 
Page 1 of 2 
Current currency Constant 1987 currency 
India (rupees) 
Constant -—258 Constant -93 
Std Err of Y Est 0.022 Std Err of Y Est 0.028 
R Squared 0.99 R Squared 0.91 
No. of Observations 5 No. of Observations 5 
Degrees of Freedom 3 Degrees of Freedom 3 
Growth Rate 14.5% Growth Rate 5.31% 
X Coefficient(s) 0.135 X Coefficient(s) 0.0517 
Std Err of Coef. 0.007 Std Err of Coef. 0.009 
Japan (1981-89 yen) 
Constant —151 Constant —136.065305 
Std Err of Y Est 0.000 Std Err of Y Est 0.028 
R Squared 0.99 R Squared 0.99 
No. of Observations 10 No. of Observations 16 
Degrees of Freedom 8 Degrees of Freedom 14 
Growth Rate 8.8% Growth Rate 7.96% 
X Coefficient(s) 0.083 X Coefficient(s) 0.076 
Std Err of Coef. 0.000 Std Err of Coef. 0.001 
Singapore (Singapore dollars) 
Constant —119603 Constant —109781.72 
Std Err of Y Est 31 Std Err of Y Est 20.95 
R Squared 0.97 R Squared 0.98 
No. of Observations 10 No. of Observations 10 
Degrees of Freedom 8 Degrees of Freedom 8 
Growth Rate 25.5% Growth Rate 21.8% 
X Coefficient(s) 60.40 X Coefficient(s) 55.443 
Std Err of Coef. 3.367 Std Err of Coef. 2.306 
South Korea (won) 
Constant —563449095 Constant —497231047 
Std Err of Y Est 189567 Std Err of Y Est 123397 
R Squared 0.95 R Squared 0.98 
No. of Observations 10 No. of Observations 11 
Degrees of Freedom 8 Degrees of Freedom ce) 
Growth Rate 33.9% Growth Rate 23.3% 
X Coefficient(s) 284531.02 X Coefficient(s) 251173.82 
Std Err of Coef. 20870.66 Std Err of Coef. 11765.44 
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Table 11. Regressions to compute growth in research and development 


in selected Asian countries 

Page 2 of 2 

Current currency Constant 1987 currency 

Taiwan (New Taiwanese doliars) 

Constant -—315 Constant —334.120701 
Std Err of Y Est 0 Std Err of Y Est 0.08 
R Squared 0.98 R Squared 0.97 
No. of Observations 11 No. of Observations 9 
Degrees of Freedom 9 Degrees of Freedom 7 

Growth Rate 17.8% Growth Rate 15.9% 

X Coefficient(s) 0.16 X Coefficient(s) 0.171 

Std Err of Coef. 0.01 Std Err of Coef. 0.0107 

Total Asian combined R&D ($PPPs “”) 

Constant -—161.96 
Std Err of Y Est 0.019 
R Squared 0.99 
No. of Observations 11 
Degrees of Freedom 9 

Growth Rate 9.3% 

X Coefficient(s) 0.087 

Std Err of Coef. 0.001 

 $PPPs = purchasing power parity dollars 
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Table 12. Regressions to compute growth in industrially funded 
research and development in selected Asian countries 


[In constant $PPPs 


Page 1 of 2 


India 


Constant 

Std Err of Y Est 

R Squared 

No. of Observations 
Degrees of Freedom 
Growth Rate 

X Coefficient(s) 
Std Err of Coef. 


Constant 

Std Err of Y Est 

R Squared 

No. of Observations 
Degrees of Freedom 
Growth Rate 

X Coefficient(s) 
Std Err of Coef. 


0.094 
0.002 


Constant 

Std Err of Y Est 

R Squared 

No. of Observations 
Degrees of Freedom 
Growth Rate 

X Coefficient(s) 
Std Err of Coef. 


25.6% 
0.228 
0.009 


—448 723149 
0.114 

0.98 

12 

10 
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Table 12. Regressions to compute growth in industrially funded 
research and development in selected Asian countries 


[In constant $PPPs “’] 


Page 2 of 2 


South Korea 


Constant 

Std Err of Y Est 

R Squared 

No. of Observations 
Degrees of Freedom 
Growth Rate 

X Coefficient(s) 
Std Err of Coef. 


26.2% 
473.47 
10.94 


Taiwan 


Constant 

Std Err of Y Est 

R Squared 

No. of Observations 
Degrees of Freedom 
Growth Rate 

X Coefficient(s) 
Std Err of Coef. 


23.1% 
0.207 
0.015 


Total Asian 


Constant 

Std Err of Y Est 

R Squared 

No. of Observations 
Degrees of Freedom 
Growth Rate 

XK Coefficient(s) 

Std Err of Coef. 


10.8% 
0.102 
0.002 


-193 
0.041 
0.99 
14 

12 


'’ $PPPs = purchasing power parity dollars 
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Table 13. Regressions to compute growth in gross domestic product 
in selected Asian countries 


Page i of 2 
Current Currency Constant Currency 

China (yuan) 
Constant —261.98 Constant —81.355 
Std Err of Y Est 0.070 Std Err of Y Est 0.05 
R Squared 0.98 R Squared 0.92 
No. of Observations 13 No. of Observations 13 
Degrees of Freedom 11 Degrees of Freedom 11 
Growin Rate 14.9% Growth Rate 4.9% 
X Coefficient(s) 0.138 X Coefficient(s) 0.047 
Std Err of Coef. 0.005 Std Err of Coef. 0.004 

India (rupees) 
Constant —240.633 Constant —79.5313 
Std Err of Y Est 0.035 Std Err of Y Est 0.035 
FR Squared 0.99 R Squared 0.97 
No. of Observations 16 No. of Observations 16 
Degrees of Freedom 14 Degrees of Freedom 14 
Growth Rate 13.7% Growth Rate 4.9% 
X Coefficient(s) 0.128 X Coefficient(s) 0.047 
Std Err of Coef. 0.001 Std Err of Coef. 0.001 

Japan (yen) 
Constant -—113.18 Constant 69.83 
Std Err of Y Est 0.047 Std Err of Y Est 0.011 
R Squared 0.97 R Squared 0.99 
No. of Observations 16 No. of Observations 16 
Degrees of Freedom 14 Degrees of Freedom 14 
Growth Rate 6.6% Growth Rate 4.2% 
X Coefficient(s) 0.063 X Coefficient(s) 0.041 
Std Err of Coef. 0.002 Std Err of Coef. 0.0006 

Singapore (Singapore dollars) 

Constant -~6113521 Constant —4711346 
Std Err of Y Est 3199 Std Err of Y Est 2330.94 
R Squared 0.96 R Squared 0.96 
No. of Observations 16 No. of Observations 16 
Degrees of Freedom 14 Degrees of Freedom 14 
Growth Rate 10.7% Growth Rate 7.5% 
X Coefficient(s) 3100.61 X Coefficient(s) 2393.96 
Std Err of Coef. 173.51 Std Err of Coef. 126.41 
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Tabie 13. Regressions ‘« compute growth in gross domestic product 
in } «ected Asian countries 


Page 2 of 2 
Current Currency Constant Currency 
South Korea (won) 
Constant —346.69 Constant —147.176 
Std Err of Y Est 0.137 Std Err of Y Est 0.048 
R Squared 0.97 R Squared 0.98 
No. of Observations 15 No. of Observations 15 
Degrees of Freedom 13 Degrees of Freedom 13 
Growth Rate 19.8% Growth Rate 8.3% 
X Coefficient(s) 0.180 X Coefficient(s) 0.08 
Std Err of Coef. 0.008 Std Err of Coef. 0.002 
Taiwan (New Taiwanese dollars) 
Constant —241 Constant -—159 
Std Err of Y Est 0.098 Std Err of Y Est 0.076 
R Squared 0.97 R Squared 0.97 
No. of Observations 16 No. of Observations 16 
Degrees of Freedom 14 Degrees of Freedom 14 
Growth Rate 13.8% Growth Rate 9.1% 
X Coefficient(s) 0.13 X Coefficient(s) 0.09 
Std Err of Coef. 0.005 Std Err of Coef. 0.004 
Total Asian ($PPPs “”) 
Constant -79.651 
Std Err of Y Est 0.033 
R Squared 0.97 
No. of Observations 13 
Degrees of Freedom 11 
Growth Rate 4.9% 
X Coefficient(s) 0.047 
Std Err of Coef. 0.002 
United States (dollars) 
Constant 42 
Std Err of Y Est 0.028 
R Squared 0.962 
No. of Observations 16 
Degrees of Freedom 14 
Growth Rate 2.9% 
X Coefficient(s) 0.028 


Std Err of Coef. 0.001 


” $PPPs = purchasing power parity dollars 
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Table A-1. Growth in enrollment in higher education in 
selected Asian countries: 1975-90 


Page 1 of 1 
South 
Year China India Japan Singapore Korea Taiwan 
1975 500,993 2,300,000 2,248,903 18,501 318,683 289,435 
1976 564,715 2,431,563 2,299,344 20,594 345,679 299,414 
1977 625,000 2,564,972 2,336,337 20,734 404,404 308,583 
1978 856,000 2,618,228 2,373,924 20,377 473,106 317,188 
1979 1,020,000 2,648,579 2,412,117 20,464 553,478 329,603 
1980 1,144,000 2,752,437 2,412,117 22,633 647,505 342,528 
1981 1,279,000 2,952,066 2,402,725 24,393 829,915 358,437 
1982 1,154,000 3,133,093 2,391,915 26,960 1,028,933 375,696 
1983 1,237,394 3,322,939 2,409,983 31,145 1,204,053 395,153 
1984 1,443,605 3,404,096 2,403,371 35,943 1,345,114 412,381 
1985 1,778,608 3,605,029 2,347,463 39,913 1,455,759 428,576 
1986 1,976,950 3,754,409 2,409,687 42,317 1,514,784 442,648 
1987 2,064,910 3,910,828 2,372,124 44,976 1,548,772 464,664 
1988 2,118,320 4,074,676 2,445,052 46,990 1,573,369 496,530 
1989 2,173,112 4,246,878 2,528,811 50,756 1,583,076 505,152 
1990 2,651,396 4,425,247 2,654,379 50,756 1,583,076 526,462 
NOTE: Data include all levels of higher education except for india, which excludes junior colleges 
and Indian Institutes of Technology. 

SOURCES: India: Government of India, University Grants Commission, 1990, Annual Report for the 


Year 1988-89 (New Delhi); Taiwan: Government of the Republic of China, Ministry of 
Education, 1975-90, Educational Statistics of the Republic of China, annual series 
(Taipei); other countries: UNESCO, 1975-92, Statistical Yearbook, annual series 
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Table A-2. Ratio of university enroliments to the 20- to 24-year-old population 
in selected Asian countries: 1975-90 


Page 1 of 1 
South 

Year China India Japan Singapore Korea Taiwan 
1975 .... 0.01 0.04 0.24 0.07 0.10 0.17 
1976 .... 01 04 .26 .08 11 17 
1977 .... 01 04 27 .08 12 17 
1978 .... 01 .04 .28 .07 13 17 
1979 .... 01 04 .30 .07 14 17 
1980 .... 01 04 31 .08 .16 .18 
1981 .... 01 .04 .30 .08 20 .19 
1982 .... 01 .05 .30 .09 25 .19 
1983 .... 01 .05 .30 10 .29 .20 
1984 .... 01 .05 .30 12 32 21 
1985 .... 02 .05 29 13 .34 22 
1986 .... .02 05 29 14 36 23 
1987 .... .02 .05 28 .16 36 24 
1988 .... .02 .05 28 17 .37 .26 
1989 .... .02 .05 .29 19 37 27 
1990 .... 02 .05 .30 19 37 28 


SOURCE: Computed, tables A-1 and A-15 
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Table A-3. Bachelor's degrees in science and engineering in selected Asian 
countries and the United States: 1975-90 


Page 1 of 3 
South United 
Year China India Japan Singapore Korea Taiwan Total States 
Natural science 
1975 ... NA 99,348 18,984 466 5,657 3,700 128,155 117,001 
1976 ... NA 102,661 19,977 490 5,791 4,111 133,030 120,609 
1977 ... NA 106,156 20,689 335 6,175 3,946 137,301 121,819 
1978 ... NA 109,854 21,625 347 6,699 4,126 142.651 120,238 
1979 ... NA 106,004 23,871 528 7,279 4,151 141,833 119,118 
1980 ... NA 108,054 22,736 573 7,922 4,334 143,619 117,964 
1981 ... NA 110,151 23,358 460 9,006 4,341 147,315 118,667 
1982 _.. 76,842 112,295 22,771 577 10,448 4,491 227 424 121,552 
1983 ... 40,301 114,488 22,381 663 11,394 4,674 193,901 123,973 
1984 ... 35,481 116,731 23,423 726 12,486 4,661 193,508 129,149 
1985 ... 36,493 128,236 23,626 854 15,068 4,987 209,264 136,047 
1986 ... 39,773 129,964 23,805 945 15,235 5,251 214,973 136,910 
1987 _.. 42,082 137,717 24,655 1,012 16,626 5,472 227 564 132,923 
1988 ... 45,569 137,827 23,972 982 21,547 5,990 235,887 123,115 
1989 ... 49.485 141,684 23,547 1,166 22,550 6,182 244,614 116,343 
1990 ... 49.834 146,774 25,153 1,278 23,195 6,533 252,767 105,021 
Engineering 
1975 ... NA 14,073 66,512 236 7,155 5,000 92.976 39,824 
1976 ... NA 15,057 68,126 241 7,272 5,142 95.838 38.790 
1977 ... NA 16,110 70,431 290 7.858 5,258 99,947 41,357 
1978 ... NA 17,237 72,466 240 8.919 5,559 104,421 47,251 
1979 ... NA 17,236 75,409 272 10.124 6.315 109,356 53,469 
1980 _.. NA 18,100 74,737 288 11,492 6,463 111,080 58,810 
1981 ... NA 19,007 76,370 323 13,044 7,299 116,043 63,717 
1982 ._.. 145,263 19,959 74,774 349 14,806 7,309 262,461 67 460 
1983 89,726 20,960 70,824 585 20,636 7,320 210,050 72,670 
1984 77,388 22,010 71,640 585 22,190 7,330 201,143 76,153 
1985 ... 63,132 21,088 72,560 769 23,539 7,703 188,791 77,572 
1986 ... 72,703 24,096 74,516 924 27.612 7.730 207,581 76,820 
1987 ... 92,994 27,057 77,077 907 27,600 7,508 233,143 74,425 
1988 . 104,271 27,000 77,503 1,001 26,891 7,994 244 660 70,154 
1989 ._.. 116,915 28,000 77,009 1,105 28,141 8.007 259.177 66,947 
1990 ... 112,814 29,000 81,355 1,220 28,071 8.950 261,410 64,705 
See explanatory information and SOURCES at end of table 
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Table A-3. Bachelor's degrees in science and engineering in selected Asian 
countries and the United States: 1975-90 


Page 2 of 3 
South United 
Year China India Japan Singapore Korea Taiwan Total States 
Natural science and engineering 
1975 ... NA 113,421 85,496 702 12,812 8,700 221,131 156,825 
1976 .... NA 117,718 88,103 731 13,063 9,253 228,868 159,399 
NA 122.266 91.120 625 14,033 9,204 237,248 163,176 
1978 . NA 127,091 94,091 587 15,619 9,685 247,073 167,489 
1979 . NA 123,240 99,280 800 17,403 10,466 251,189 172,587 
1980 .. NA 126,154 97,473 861 19,413 10,797 254,698 176,774 
1981 . NA 129,157 99,728 783 22,050 11,640 263,358 182,384 
1982 .... 222,105 132,254 97,545 926 25,254 11,801 489,885 189,012 
1983 .... 130,027 135,447 93,205 1,248 32,030 11,994 403,951 196,643 
1984 .. 112,869 138,741 95,063 1,311 34,676 11,991 394,651 205,302 
1985 ... 99,625 149,324 96,186 1,623 38,607 12,690 398,055 213,619 
1986 .. 112,476 154,060 98,321 1,869 42,847 12,981 422,554 213,730 
1987 ... 135,076 164,774 101,732 1,919 44,226 12,980 460,707 207 348 
1988 ... 149,839 164,827 101.475 1,983 48,438 13,984 480,546 193,269 
1989 ... 166,400 169,684 100,556 2,271 50,691 14,189 503,791 183,290 
1990 .. 162,648 175,774 106,508 2,498 51,266 15,483 514,177 169,726 
Science and engineering (includes social sciences) 

1975 .... NA 113,421 220,141 702 12.812 11,300 358,376 319,972 
1976 .. NA 117,718 227,361 731 14,486 12,015 372,311 316,804 
1977 .... NA 122,266 234,536 625 15.412 12,091 384,930 311,709 
1978 .... NA 127,091 245,610 587 17,070 12,568 402,926 311,507 
1979 .... NA 123,240 257,303 800 18,931 13,421 413,695 311,490 
1980 .... NA 126,154 255 867 861 21,022 13,703 417,607 312,406 
1981 .... NA 129,157 260,248 783 23,743 14,529 428,461 314,991 
1982 .... 222,105 132,254 256,995 926 27,037 14,854 654.171 322,577 
1983 .... 130,027 135,447 245,201 1,248 36,327 15,028 563,278 325,294 
1984 .... 112,869 138,741 246,689 1,401 37,973 15,125 552,798 331,380 
1985 .... 99,625 149,324 247,258 1,709 45,079 15.955 558,950 338,652 
1986 ... 112,476 154,060 249,377 1,960 50.517 16,090 584 480 341,288 
1987 150,761 164,774 252,688 2,025 53,093 16,277 639,618 339,283 
1988 .... 169,145 164,827 252,294 2,089 58,057 17,311 663,723 329,986 
1989 .... 190,162 169,684 247 £43 2,373 58,789 17,348 685,999 330,027 
1990 .... 187,953 175,774 263,985 2,615 61,477 18,657 710,461 329,094 


See explanatory information and SOURCES at end of table 
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Table A-3. Bachelor's degrees in science and engineering in selected Asian 
countries and the United States: 1975-90 


Page 3 of 3 
South United 
Year China india Japan Singapore Korea Taiwan Total States 
Total, all fields 
1975 .... NA NA 313,072 2,380 NA NA 315,452 931,663 
1976 .... NA 629,336 326,167 2,388 34,725 29,053 1,021,669 934,443 
1977 .... NA 651,999 339,819 2,357 37,374 29,685 1,061,234 928,228 
1978 NA 675,478 356,981 2,422 41,447 30,740 1,107,068 930,197 
1979 .... NA 620,247 374,887 2,763 45,964 32,383 1,076,243 931,340 
1980 .... NA 599,795 378,666 2,645 50,973 34,223 1,066,302 940,251 
1981 .... NA 522,963 386,057 2,187 56,528 32,214 999,949 946,877 
1982 .... 365,787 560,893 382,466 2,395 62,688 33,341 1,407,570 964,043 
1983 .... 252,571 595,288 369,069 2,905 77,272 34,507 1,331,612 980,679 
1984 .... 204,248 628,453 372,247 3,725 90,888 35,714 1,335,275 986,345 
1985 .... 201.885 646,778 373,302 4,286 118,584 36,885 1,381,720 990,880 
1986 .... 227,764 678,470 376,260 4818 137,848 38,567 1,463,727 1,000,352 
1987 .... 252,122 699,555 382,655 5.119 149582 38,929 1,527,962 1,000,532 
1988 .... 279,084 724,739 382,828 5.227 161,983 40,205 1,594,066 1,006,033 
1989 .... 307,865 740,000 376.688 5,850 166,845 40,856 1,638,104 1,030,171 
1990 .... 308,930 750,000 400,103 6,000 165,916 42,952 1,673,901 1,062,151 


NOTES: Natural science includes physical; biological; earth, atmospheric, and oceanographic; agricultural: 
and math and computer sciences. National data were reconfigured to include only fields of study 
corresponding to classification of instructional programs used in surveys of higher education in 
the United States. india data are estimated for 1988-90; Singapore data are estimated for 1990. 
China begins to report social science in 1987. India does not report social science. Singapore 
begins to report social science in 1984. 


KEY: NA = Not available 


SOURCES: UNESCO, 1975-92, Statistical Yearbook, annual series, supplemented by national sources; 
China: Government of the People's Republic of China, State Education Commission, Department 
of Planning and Construction, 1990, Educational Statistics Yearbook of China (Beijing); India: 
Government of India, University Grants Commission, 1990, Annual Report for the Year 1988-89 
(New Delhi), and Government of india, Department of Science and Technology, n.d., Research 
and Development Statistics, 1990-91 (New Delhi); Japan: Government of Japan, Ministry of 
Education, Science, and Culture, 1975-90, Monbusho Survey of Education, annual series 
(Tokyo); Singapore: University of Singapore, 1974-89, Annual Report, annual series; South 
Korea: Government of the Republic of Korea, Ministry of Education, 1975-90, Yearbook of 
Educational! Statistics, annual series (Seoul); Taiwan: Government of the Republic of China, 
Ministry of Education, 1975-90, Educational Statistics of the Republic of China, annual series 
(Taipei); United States: National Science Foundation, 1992, Science and Engineering Degrees. 
1966-90, A Source Book, NSF 92-326 (Washington, DC) 
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Tabie A-4. Bachelor's degrees in science and engineering earned by women 
in selected Asian countries and the United States: 1975-90 


Page 1 of 3 
South United 
Year Japan Korea Taiwan Total States 
Natural science 
TE cosaneseses 2,395 NA NA 2, 33,305 
1976 ........... 2,649 865 776 4,290 35,606 
— xe 2,833 870 758 4,461 37,648 
1978 ........... 2,962 973 907 4,842 39,051 
1979 ........... 3,108 1,094 970 5,172 40,256 
1980 ........... 3,338 1,236 1,041 5,615 41,494 
1981 ........... 3,599 1,404 1,084 6,087 43,190 
a eee 3,462 1,601 1,188 6,251 45,438 
1983 ........... 3,619 2,041 1,252 6,912 47,511 
1984 ........... 3,892 2,951 1,290 8,133 49,931 
1985 ........... 4,226 4,483 1,317 10,026 53,313 
1986 ........... 4,532 4,444 1,647 10,623 53,614 
1987 ........... 4,720 4,885 1,682 11,287 51,971 
1988 ........... 4,414 5,585 1,634 11,633 48,795 
ee 4,387 6,400 1,606 12,393 45,648 
1990 ........... 4,932 7,242 1,810 13,984 42,680 
Engineering 
1975 .. 2... 2... 565 NA NA 565 860 
ee 556 96 224 876 1,443 
OF seccesesess 627 108 246 981 2,086 
1978 ........... 723 113 256 1,092 3,497 
1979 ........ - 764 118 411 1,293 4,919 
1980 ........... 863 123 459 1,445 6,014 
1981 ..........., 1,009 128 451 1,588 7,117 
ree 1,143 136 489 1,768 8,337 
1983 ........... 1,155 161 558 1,874 9,719 
1984 ..........., 1,506 470 636 2,612 10,833 
1985 ........... 1,706 312 713 2,731 11,316 
1986 ........... 2,027 315 539 2,881 11,203 
sos ceeecess 2,359 598 657 3,614 11,473 
1988 ........... 2,431 842 723 3,996 10,840 
1989 ........... 2,531 1,098 715 4,344 10,244 
1990 ........4,., 2,650 1,308 840 4,798 9,973 


See explanatory information and SOURCES at end of table 
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Tabie A-4. Bachelor's degrees in science and engineering earned by women 


in selected Asian countries and the United States: 1975-90 


Page 2 of 3 
South United 
Year Japan Korea Taiwan Total States 
Natural science and engineering 
1975 ........... 2,960 NA NA 2,960 34,165 
1976 ........... 3,205 961 1,000 5,166 37,049 
My «ssctsesees 3,460 978 1,004 5,442 39,734 
1978 ........... 3,685 1,086 1,163 5,934 42,548 
BED éavesceescs 3,872 1,212 1,381 6,465 45,175 
1980 ........... 4,201 1,359 1,500 7,060 47,508 
ee 4,608 1,532 1,535 7,675 50,307 
1982 ........... 4,605 1,737 1,677 8,019 53,775 
1983 ........... 4,774 2,202 1,810 8,786 57,230 
1984 ........... 5,398 3,421 1,926 10,745 60,764 
1985 ........... 5,932 4,795 2,030 12,757 64,629 
1986 ........... 6,559 4,759 2,186 13,504 64,817 
1987 ........... 7,079 5,483 2,339 14,901 63,444 
1988 ........... 6,845 6,427 2,357 15,629 59,635 
se 6,918 7,498 2,321 16,737 55,892 
1990 ........... 7,582 8,550 2,650 18,782 52,653 
Science and engineering (includes social sciences) 
ere 12,226 NA NA 12,226 104,256 
1976 ........5.. 13,841 1,226 2,175 17,242 106,000 
O77 dw eee 15,373 1,221 2,291 18,885 107,394 
1978 16,891 1,340 2,390 20,621 110,276 
1979 ........55. 18,112 1,477 2,709 22,298 112,715 
1980 ........... 18,464 1,636 2,951 23,051 116,131 
1981 ........5.. 19,406 1,822 3,000 24,228 118,693 
seer 18,535 2,040 3,157 23,732 124,080 
1983 ........... 18,282 2,654 3,418 24,354 125,489 
1984 ........... 18,996 3,973 3,605 26,574 127,283 
GD ccccnsesece 19,558 6,180 3,790 29,528 130,892 
1986 ........... 20,325 6,684 3,886 30,895 132,532 
1987 22,018 8,026 4,151 34,195 133,879 
jee 23,052 9,092 4,182 36,326 133,220 
1989 23,105 9,434 4,249 36,788 135,741 
1990 ........... 26,101 11,182 4,657 41,940 140,012 
See explanatory information and SOURCES at end of table 
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Table A-4. Bachelor's degrees in science and engineering earned by women 


in selected Asian countries and the United States: 1975-90 


Page 3 of 3 
South United 
Year Japan Korea Taiwan Total States 
Total, all fields 
1975 ........... 67,540 NA NA 67,540 423,239 
1976 ........... 74,146 11,198 10,309 95,653 425,894 
OY ou 606.0eues 80,539 12,160 11,016 103,715 429,107 
1978 ........... 86,131 13,187 11,135 110,453 439,135 
eee 91,660 14,301 12,070 118,031 449 946 
1980 ........... 93,698 15,509 12,780 121,987 462,501 
1981 ........... 95,543 16,819 12,948 125,310 472,541 
 seseeeoeues 92,580 18,240 13,333 124,153 486,500 
1983 ........... 90,097 22,703 15,299 128,099 497,284 
1984 ........... 91,452 27,738 15,602 134,792 499,595 
1985 ........... 92,367 42,771 16,431 151,569 504,217 
1986 ........... 93,679 50,607 16,987 161,273 510,061 
WY cccecscesses 99,040 57,840 17,983 174,862 518.529 
198B 2.2... ee 100,271 58,704 17,831 176,806 524.797 
1989 .........., 100,640 59,836 18,459 178,935 542.605 
1990 ........... 109,750 61,289 19,396 190,435 566,284 


NOTES: Natural science includes physical; biological; earth, atmospheric, and oceanographic; agricultural; 
and math and computer sciences. National data were reconfigured to include only fields of study 
corresponding to classification of instructional programs used in surveys of higher education in 
the United States. China and india do not report degree data by gender; Singapore data are 


incompirie. 


KEY: NA = Not available 


SOURCES: UNESCO, 1975-92, Statistical Yearbook, annual series, supplemented by national sources: 
Japan: Government of Japan, Ministry of .sucation, Science, and Culture, ‘975-90, Monbusho 
Survey of Education, annual series (Tokyo); South Korea: Government of the Republic of Korea, 
Ministry of Education, 1975-90, Yearbook of Educational Statistics, annual series (Seoul); 
Taiwan: Government of the Republic of China, Ministry of Education, 1975-90. Educational 
Statistics of the Republic of China, annual series (Taipei); United States: National Science 
Foundation, 1992, Science and Er gineering Decrees: 1966-90, A Source Book. NSF 92-326 


(Washington, DC) 
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Table A-5. Advanced degrees (master's and doctoral) in science and engineering 
in selected Asian countries and the United States: 1975-90 


Page 1 of 3 
South United 
Year China india Japan Singapore Korea Taiwan Total States 
Natura! science 
1975 ..... NA 20,625 3,047 18 NA NA 23,690 31,335 
1976 ..... NA 21,130 3,102 11 414 448 25,105 30,640 
1977 ..... NA 21,700 3,500 9 487 460 26,156 31,188 
1978 ..... NA 22,345 3,585 8 727 529 27,194 31,268 
1979 ..... NA 22,564 3,555 7 822 490 27,438 31,080 
1980 ..... 69 23,315 3,553 6 $67 527 28,437 30,852 
1981 ..... 2,452 24,094 3,590 7 1,186 654 31,983 30,774 
1982 ..... 739 24,901 3,543 2 1,109 691 30,985 32,151 
1983 ..... 858 25,738 3,757 8 1,569 692 32,622 32,350 
1984 ..... 482 26,607 4,578 11 1,718 697 34,093 33, 166 
19665 ..... 4.522 27,660 4,903 11 2,472 762 40,330 33,981 
1986 ..... 3,324 28,818 4,963 13 2,283 945 40,346 35,336 
1987 ..... 6,234 30,060 5,200 31 2,484 1,019 45,028 36,120 
1988 ..... 6,060 30,458 5,529 46 2,726 1,177 45,996 37,241 
1989 ..... 6,943 30,849 6,110 46 2,659 1,354 47,961 37,607 
1990 ..... 6,760 32,800 11,639 50 3,056 1,694 55,909 37,621 
Engineering 
1975 ..... NA 1,364 6,721 5 NA NA 8,090 18,445 
1976 ..... NA 1,563 6,440 42 319 265 8,629 19,008 
1977 ..... NA 1,794 7,705 45 334 314 10,192 19,537 
1978 ..... NA 2,062 8,355 49 464 403 11,333 19,440 
1979 ..... NA 2,086 8,358 53 645 395 11,537 18,687 
1980 ..... 205 2,091 7,879 57 896 485 11,613 19,325 
1981 ..... 3,515 2,095 7,733 64 1,246 528 15,181 19,901 
1982 ..... 793 2,100 8,061 72 1,731 634 13,391 21,240 
1983 ..... 1,348 2,105 8,367 148 2.012 761 14,741 22,502 
1994 ..... 1,011 2,110 8,952 132 2.191 914 15,310 23,265 
1985 4,971 1,935 9,251 135 2,504 1,151 19,947 24,372 
1986 ..... 5,026 2,675 10,303 155 2,844 1,362 22,365 24,690 
1987 ..... 11,051 3,162 11,137 157 3,037 1,551 30,095 25,993 
1988 ..... 12,850 2,829 11,956 151 3,852 1,868 33,506 27,081 
1989 14,943 2,933 12,954 132 4,020 2,071 37,053 28,464 
1990 ..... 14,027 3,050 24,910 150 4,014 2,407 48,558 28,887 
See explanatory information and SOURCES at end of table 
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Table A-5. Advanced degrees (master's and doctoral) in science and engineering 
in selected Asian countries and the United States: 1975-90 
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South United 
Year China India Japan Singapore Korea Taiwan Total States 
Natural science and engineering 
1975 ..... NA 21,989 9,768 23 NA NA 31,780 49,780 
1976 ..... NA 22,693 9,542 53 733 713 33,734 49,648 
1977 ..... NA 23,494 11,205 55 821 774 36,349 50,725 
1978 ..... NA 24,407 11,940 57 1,191 932 38,527 50,708 
1979 ..... NA 24,650 11,913 60 1,467 885 38,975 49,767 
1980 ..... 274 25,406 11,432 63 1,863 1,012 40,050 50,177 
1981 ..... 5,967 26,189 11,323 71 2,432 1,182 47,164 50,675 
1982 ..... 1,532 27,001 11,604 74 2,840 1,325 44.376 53,391 
1983 ..... 2,206 27.844 12,124 156 3,581 1,454 47,364 54,852 
1984 ..... 1,493 28,717 13,530 143 3,909 1,611 49,403 56,431 
1985 ..... 9,493 29,595 14, 1° 146 4,976 1,913 60,227 58,353 
1986 ..... 8,350 31,493 »,266 168 5.127 2,307 62,711 60,026 
1987 ..... 17,285 33,222 16,337 188 5,521 2,570 75,123 62.113 
1988 ..... 18,910 33,287 17,485 197 6,578 3,045 79,502 64,322 
1989 ..... 21,886 33,782 19,064 178 6,679 3,425 85.014 66,071 
1990 ..... 20,787 35,850 36,549 200 7.070 4,011 104.467 66,508 
Science and engineering (includes social science) 

1975 ..... NA 21,989 11,940 23 NA NA 33,952 82,815 
1976 ..... NA 22,693 11,706 53 894 920 36,266 84.046 
1977 ..... NA 23,494 13,250 55 939 1,013 38,751 86,712 
1978 ..... NA 24,407 14,062 57 1,335 1,160 41,022 86,355 
1979 ..... NA 24,650 14,005 60 1,645 1,079 41,438 83,504 
1980 ..... 274 25,406 13,535 63 2,081 1,241 42,600 83,221 
1981 ..... 5,967 26,189 13,448 71 2,699 1,761 50,135 83,994 
1982 ..... 1,532 27,001 13,571 74 3,08) 1,789 47,056 86,291 
1983 ..... 2,206 27 844 14,059 158 3,985 1.826 50,075 87,602 
1984 ..... 1,493 28,717 15,533 147 4,436 1,909 52.235 87,983 


See explanatory information and SOURCES at end of table. 
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Table A-5. Advanced degrees (master's and doctoral) in science and engineering 


in selected Asian countries and the United States: 1975-90 

Page 3 of 3 

South United 

Year China India Japan Singapore Korea Taiwan Total States 

Science and engineering (includes social science) 

1985 ..... 9,493 29,595 16,333 157 5,801 2,283 63,662 90,117 
1986 ..... 8,350 31,493 17,441 175 5,975 2,679 66,113 91,901 
1987 ..... 18,852 33,222 18,619 194 6,344 3,000 80,231 93,618 
1988 ..... 20,661 33,287 19,906 204 7,376 3,497 84,931 95,606 
1989 ..... 23,843 33,782 21,624 184 7,495 3,711 30,639 99,059 
1990 ..... 22,579 35,850 41,530 206 7,986 4.288 112,439 100,639 
NOTES Natural science includes physical; biological; earth, atmospheric, and oceanographic; agricultural; 
and math and computer sciences. National data were reconfigured to include only fields of study 
corresponding to classification of instructional programs used in surveys of higher education in 

the Uniied States. India data are estimated for 1988-90; Singapore data are estimated for 1990. 

KEY: NA = Not available 

SOURCES: UNESCO, 1975-92, Statistical Yearbook, annual series, supplemented by national sources; 
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China: Government of the People's Republic of China, State Education Commission, Department 
of Planning and Construction, 1990, Educational Statistics Yearbook of China (Beijing); India: 
Government of India, University Grants Commission, 1990, Annual Report for the Year 1988-89 
(New Delhi), and Government of India, Department of Science and Technology, n.d., Research 
and Development Statistics, 1990-91 (New Delhi); Japan: Government of Japan, Ministry of 
Eaucation, Science, and Culture, 1975-90, Monbusho Survey of Education, annual series 
(Tokyo); Singapore: University of Singapore, 1974-89, Annual Report, annual series; South 
Korea: Government of the Republic of Korea, Ministry of Education, 1975-90, Yearbook of 
Educational Statistics, annual series (Seoul); Taiwan: Government of the Republic of China, 
Ministry of Education, 1975-90, Educational Statistics of the Republic of China, annual series 
(Taipei); United States: National Science Foundation, 1992, Science and Engineering Degrees. 
1966-90, A Source Book, NSF 92-326 (Washington, DC) 
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Table A-6. Advanced degrees (master's and doctoral) in science and engineering 
earned by women in selected Asian countries and the United States: 1975-90 


Page 1 of 3 
South United 
Year Japan Korea Taiwan Total States 
Natural science 
1975 ......... 182 NA NA 182 6,140 
1976 ......... 181 41 68 290 6,258 
1977 ......... 222 46 62 330 6,766 
1978 ......... 210 63 74 347 7,077 
1979 ......... 238 87 76 401 7,379 
1980 ......... 274 120 83 477 7,555 
1981 ......... 273 165 91 529 7,699 
1982 ......... 238 227 110 575 8,590 
1983 ......... 293 252 126 671 9,037 
1984 ......... 474 269 149 892 9,488 
1985 ......... 515 535 182 1,232 9,853 
1986 ......... 538 609 209 1,356 10,531 
1987 ......... 613 786 208 1,607 10,907 
1988 ......... 690 387 259 1,336 10,979 
1989 ......... 843 467 327 1637 11,630 
1990 ......... 1,533 563 358 2,454 11,946 
Engineering 
1975 24 NA NA 24 424 
1976 ......... 36 5 4 45 623 
1977 38 3 6 47 772 
1978 39 5 7 51 896 
1979 62 7 7 76 999 
1980 ......... 64 11 11 86 1,213 
1981 80 17 18 115 1,428 
1982 ......... 83 26 20 129 1,699 
1983 ......... 86 27 22 135 1,879 
1984 ......... 119 20 24 163 2,251 
1905 ......... 129 41 32 202 2,442 
1986 180 70 50 300 2,625 
1987 ......... 198 43 58 299 3,012 
1988 ......... 263 63 58 384 3,094 
1989 ......... 318 80 94 492 3,457 
1990 ......... 581 123 116 820 3,683 


See explanatory information and SOURCES at end of table. 
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Table A-6. Advanced degrees (master's and doctoral) in science and engineering 
earned by women in selected Asian countries and the United States: 1975-90 


Page 2 of 3 
South United 
Year Japan Korea Taiwan Total States 
Natural science and engineering 
1975 ......... 206 NA NA 206 6,564 
1976 ......... 217 46 72 335 6,881 
1977 ......... 260 4g 68 377 7,538 
re 249 68 81 398 7,973 
1979 ......... 300 94 83 477 8,378 
1980 ......... 338 131 94 563 8,768 
1981 ......... 353 182 109 644 9,127 
1982 ......... 321 253 130 704 10,289 
1983 ......... 379 279 148 806 10,916 
1984 ......... 593 289 173 1,055 11,739 
1985 ......... 644 576 214 1,434 12,295 
1986 ......... 718 679 259 1,656 13,156 
1987 ......... 811 829 266 1,966 13,919 
1988 ......... 953 450 317 1,720 14,073 
1989 ......... 1,161 547 421 2,129 15,087 
1990 ......... 2,114 686 474 3,274 15,629 
Science and engineering (includes social sciences) 
1975 ......... 342 NA NA 342 16,717 
1976 ......... 350 65 97 512 18,112 
1977 ......... 389 62 107 558 19,731 
1978 ......... 424 82 126 632 20,684 
1979 ......... 481 109 117 707 21,356 
1980 ......... 547 147 141 835 22,046 
1981 ......... 560 199 217 976 23,062 
1982 ...... -s 536 271 231 1,038 24,361 
1983 ......... 621 318 243 1,182 25,713 
1984 ......... 834 318 263 1,415 26,323 


See explanatory information and SOURCES at end of table. 
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Table A-6. Advanced degrees (master's and doctoral) in science and engineering 
earned by women in selected Asian countries and the United States: 1975-90 


Page 3 of 3 
South United 
Year Japan Korea Taiwan Total States 
Science and engineering (includes social sciences) 

1985 ......... 955 685 307 1,947 27,221 
1986 ......... 1,055 799 380 2,234 28,386 
1987 ......... 1,179 986 417 2,582 29,154 
1988 ......... 1,375 567 471 2,411 29,438 
1989 ......... 1,642 657 517 2,816 31,686 
1990 ......... 3,015 845 588 4,448 32,902 


NOTES: Natural science includes physical; biological; earth, atmospheric, and oceanographic; agricultural; 
and math and computer sciences. National data were reconfigured to include only fields of study 
corresponding to classification of instructional programs used in surveys of higher education in 
the United States. China and India do not report degree data by gender; Singapore data are 
incomplete. 


SOURCES: UNES“O, 1975-92, Statistical Yearbook, annual series, supplemented by national sources; 
Japan: Government of Japan, Ministry of Education, Science, and Culture, 1975-90, Monbusho 
Survey of Education, annual series (Tokyo); South Korea: Government of the Republic of Korea, 
Min'stry of Education, 1975-90, Yearbook of Educational Statistics, annua! series (Seoul): 
Taiwan: Government of the Republic of China, Ministry of Education, 1975-90, Educational 
Statistics of the Republic of China, annual series (Taipei); United States: National Science 
Foundation, 1°92, Science and Engineering Degrees: 1966-90, A Source Book, NSF 92-326 
(Washington, DC) 
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Table A-7. Doctoral degrees in science and engineering in selected Asian countries 
and the United States: 1975-90 


Page 1 of 3 
South United 
Year China india Japan Korea Taiwan Total States 
Natural science 
1975 ..... NA 1,773 669 NA NA 2,442 9,250 
1976 ..... NA 1,979 638 77 6 2,700 8,866 
1977 ..... NA 2,209 768 62 8 3,047 8.640 
1978 ..... NA 2,466 743 73 12 3,294 8,560 
1979 ..... NA 2,741 753 86 12 3,592 8,796 
1980 ..... NA 2,903 785 104 12 3,803 8,826 
1981 ..... NA 3,074 861 127 24 4,085 8,956 
1982 ..... NA 3,255 807 157 16 4,235 9,135 
1983 ..... NA 3,448 782 143 29 4,402 9,182 
1984 ..... NA 3,652 743 201 31 4,627 9,329 
1985 ..... NA 3,620 833 301 34 4,788 9,433 
1986 ..... NA 3,530 772 306 63 4.671 9.613 
1987 ..... NA 3,870 828 387 77 5,162 9.843 
1988 ..... NA 3,958 851 435 77 5,321 10.431 
1989 ..... 646 4.049 1,007 472 96 6,270 10,652 
1990 772 4,600 937 399 104 6,812 11,368 
Engineering 
1975 ..... NA 136 576 NA NA 712 3.011 
1976 ..... NA 135 558 20 8 721 2.838 
1977 ..... NA 135 672 14 3 824 2,648 
1978 ..... NA 134 591 20 3 748 2,425 
1979 NA 176 665 29 8 878 2,494 
1980 ..... NA 179 665 42 10 896 2,479 
1981 ..... NA 182 697 60 15 955 2,528 
1982 ..... NA 185 634 87 15 921 2,646 
1983 NA 189 591 97 14 891 2,781 
1984 ..... NA 192 575 120 31 918 2,913 
1985 ..... NA 194 559 197 59 1,009 3.166 
1986 ..... NA 215 599 273 83 1,170 3,376 
1987 NA 225 642 270 98 1,235 3,711 
1988 NA 229 736 346 98 1.409 4.189 
1989 ..... 971 233 930 415 120 2,669 4,536 
1990 ..... 1,054 250 948 439 165 2,856 4,892 
See explanatory information and SOURCES at end of table. 
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Table A-7. Doctoral degrees in science and engineering in selected Asian countries 


and the United States: 1975-390 


Page 2 of 3 
South United 
Year China India Japan Korea Taiwan Total States 
Natural science and engineering 
1975 ..... NA 1,909 1,245 NA NA 3,154 12,261 
1976 ..... NA 2,114 1,196 97 14 3,421 11,704 
1977 ..... NA 2,344 1,440 76 11 3,871 11,288 
1978 NA 2,600 1,334 93 15 4,042 10,985 
1979 ..... NA 2,917 1,418 115 20 4,470 11,290 
1980 ..... NA 3,082 1,450 146 22 4,699 11,305 
1981 ..... NA 3,256 1,558 187 39 5,040 11,484 
1982 ..... NA 3,441 1,441 244 31 5,157 11,781 
1gg3 ..... NA 3,637 1,373 240 43 5,293 11,963 
1984 ..... NA 3,844 1,318 321 62 5,545 12,242 
1985 ..... NA 3,814 1,392 498 93 5,797 12,599 
1986 ..... NA 3,745 1,371 579 146 5,841 12,989 
1987 ..... NA 4,095 1,470 657 175 6,397 13,554 
1988 ..... NA 4,187 1,587 781 175 6,730 14.620 
1989 ..... 1,617 4,282 1,937 887 216 8,939 15.188 
1990 ..... 1,826 4,850 1,885 838 269 9.668 16,260 
Science and engineering (includes social sciences) 
1975 ..... NA 1,909 1,689 NA NA 3,598 18,701 
1976 ..... NA 2,114 1,695 128 21 3,958 18,268 
1977 ..... NA 2,344 1,891 99 24 4,358 17,723 
1978 ..... NA 2,600 1,788 116 17 4,521 17,383 
1979 ..... NA 2,917 1,864 139 26 4,946 17,589 
1980 ..... NA 3,082 1,914 170 30 5.195 17,524 
1981 ..... NA 3,256 2,081 212 49 5,598 17,996 
1982 ..... NA 3,441 1,961 269 44 5,715 18,017 
1983 ..... NA 3,637 1,832 281 58 5,808 18,393 
1984 ..... NA 3,844 1,785 360 85 6,074 18,514 
1985 ..... NA 3,814 1,915 548 109 6,786 18,710 
1986 ..... NA 3,745 1,861 631 172 6,409 19,252 
1987 ..... NA 4,095 1,959 759 197 7.010 19,703 
1988 ..... NA 4,187 2,123 871 197 7,378 20,735 
1989 ..... 1,679 4,282 2,438 984 257 9,640 21,516 
1990 1,940 4,850 2,367 945 312 10,414 22,853 
NOTES: Natural science includes physical; biological; earth, atmospheric, and oceanographic; agricultural; 


and math and computer sciences. National data were reconfigured to include only fields of 
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Table A-7. Doctoral degrees in science and engineering in selected Asian 


KEY: 


SOURCES: 


countries and the United States: 1975-30 
Page 3 of 3 


study corresponding to classification of instructional programs used in surveys of higher 
education in the United States. China and India do not include social science degrees in 
reporting science and engineering degrees. 


NA = Not available 


UNESCO, 1975-92, Stetistical Yearbook, annual series, supplemented by national sources; 
China: Government of the People’s Republic of China, State Education Commission, 
Department of Planning and Construction, 1990, Educational Statistics Yearbook of China 
(Beijing); india: Government of India, University Grants Commission, 1990, Annual Report for 
the Year 1988-89 (New Delhi), and Government of India, Department of Science and 
Technology, 1990, Research and Development Statistics, 1988-89 (New Delhi); Japan: 
Government of Japan, Ministry of Education, Science, and Culture, 1975-90, Monbusho 
Survey of Education, annual series (Tokyo); South Korea: Government of the Republic of 
Korea, Ministry of Education, 1975-90, Yearbook of Educational Statistics, annual series 
(Seoul); Taiwan: Government of the Republic of China, Ministry of Education, 1975-90, 
Educational Statistics of the Republic of China, annual series (Taipei); United States: 
National Science Foundation, 1992, Science and Engineering Degrees: 1966-90, A Source 
Book, NSF 92-326 (Washington, DC) 
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Table A-8. Doctoral degrees in science and engineering earned by women 
in selected Asian countries and the United States: 1975-90 
Pace 1 of 3 
— South United 
Japan Korea Taiwan Total States 
Natural science 

1975 _._... 30 0 0 30 1,252 
1976 _..... 30 4 0 34 1,272 
1977 ._...... 34 2 0 36 1.273 
1978 __... 35 0 1 36 1,397 
1979 ._..... 36 0 1 37 1,527 
1980 ....... 40 0 1 41 1,652 
1981 ...... 40 0 1 41 1,724 
1982 ....... 37 15 2 54 1,868 
1983 . 42 19 2 63 1,983 
1984 ....... 57 21 3 81 2,005 
1985 ._...... 51 24 1 76 2,123 
1986... 47 37 10 94 2.226 
1987 ...... 73 71 9 153 2.362 
1988. «wis! 65 31 9 105 2.570 
1989... 88 39 11 138 2.799 
1990 ._..... 97 36 16 149 2.919 

Engineering 
1975 ...... 2 0 0 2 52 
1976 4 0 0 4 55 
1977 3 ) 0 3 74 
1978 3 0 1 4 53 
1979 6 0 0 6 62 
1980 .._....... 8 0 0 8 90 
1981 ...... 6 0 0 6 99 
1982 7 0 0 7 124 
: 1983 14 0 0 14 124 
1984 10 0 0 10 151 
1985 | 12 7 4 23 198 
1986 ...... 20 9 0 29 225 
1987 16 2 3 21 242 
1988 12 11 3 26 286 
1989... dd 35 5 4 44 375 
1990 .._._.. 41 ” 1 50 414 

*% 
See explanatory information and SOURCES at end of table. 
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Table A-8. Doctoral degrees in science and engineering earned by women 


in selected Asian countries and the United States: 1975-90 


Page 2 of 3 
Wiig South United 
Japan Korea Taiwan Toial States 

Natural science and engineering 
1975 ...... 32 0 0 32 1,304 
1976 ....... 34 4 0 38 1,327 
1977 ....... 37 2 0 39 1,347 
1978 ....... 38 0 2 40 1,450 
1979 42 0 1 43 1,589 
1980 ....... 48 0 1 49 1,742 
1981 ....... 46 0 1 47 1,823 
1982 ....... 44 15 2 61 1,992 
1983 ....... 56 19 2 77 2,107 
1984 67 21 3 91 2,156 
1985 ....... 63 31 5 99 2,323 
1986 ..... 67 46 10 123 2,451 
1987 ....... 89 73 12 174 2,604 
1988 ....... 77 42 13 132 2,856 
1989 ....... 123 44 15 182 3,174 
1990 ...... 138 44 17 199 3,333 
Science and engineering (includes social sciences) 

1975 ....... 50 0 0 50 2,929 
1976 .. 54 4 0 58 3,097 
1977 ....... 57 2 1 60 3,233 
1978 ....... 59 0 3 62 3,454 
1979 ....... 69 0 1 70 3,744 
1980 ..... 84 0 2 86 3,961 
1981 ...... 86 0 2 88 4.201 
1982 ....... 73 15 3 91 4,350 
1983 _... 83 20 4 107 4,715 
1984 ....... 105 21 4 130 4.792 
1985 ..... 108 34 6 148 4.891 
1986 __. _ 108 53 11 172 5.166 
1987 . a 146 78 17 241 5.310 
1988 136 46 16 198 5,657 
1989 . | 183 53 17 253 6,106 
1990 ....... 200 52 21 273 6,344 

NOTES: Natural science includes physical; biological; earth, atmospheric, and oceanographic: 


agricultural; and math and computer sciences. Nationa! data were reconfigured to include only 
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Table A-8. Doctoral degrees in science and engineering earned by women 


in selected Asian countries and the United States: 1975-90 
Page 3 of 3 


fields of study corresponding to classification of instructional programs used in surveys of 
higher education in the United States. China and India do not report degree data by gender; 
Singapore data are incomplete. 


SOURCES: UNESCO, 1975-92, Statistical Yearbook, annual series, supplemented by national sources; 
China: Government of the People's Republic of China, State Education Commission, 
Department of Planning and Construction, 1990 Educational Statistics Yearbook of China 
(Beijing); india: Government of India, University Grants Commission, 1990, Annual Report for 
the Year 1988-89 (New Delhi), and Government of India, Department of Science and 
Technology, 1990, Research and Development Statistics, 1988-89 (New Delhi); Japan: 
Government of Japan, Ministry of Education, Science, and Culture, 1975-90, Monbusho 
Survey of Education, annual series (Tokyo); South Korea: Government of the Republic of 
Korea, Ministry of Education, 1975-90, Yearbook of Educational Statistics, annual series 
(Seoul); Taiwan: Government of the Republic of China, Ministry of Education, 1975-90, 
Educational Statistics of the Republic of China, annual series (Taipei); United States: National 
Science Foundation, 1992, Science and Engineering Degrees: 1966-90, A Source Book, NSF 
92-326 (Washington, DC) 
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Table A-9. Bachelor's degrees in science and engineering in 
selected Asian countries, by field: 1975-90 


Page 1 of 3 
South 
Year China India Japan Singapore Korea Taiwan Total 
Social and behavioral science 
1975 .... NA NA 134,645 NA NA 2,600 137,245 
1976 .... NA NA 139,258 NA 1,423 2,762 143,443 
1977 .... NA NA 143,416 NA 1,379 2,887 147,682 
1978 .... NA NA 151,519 NA 1,452 2,883 155,854 
1979 ._... NA NA 158,023 NA 1,528 2,955 162,506 
1980 .... NA NA 158,394 NA 1,609 2,906 162,909 
1981 .... NA NA 160,520 NA 1,694 2,889 165,103 
1982 .... NA NA 159,450 NA 1,783 3,053 164,286 
1983 .... NA NA 151,996 NA 4,297 3,034 159,327 
198; .... NA NA 151,626 90 3,297 3,134 158,147 
1985 .... NA NA 151,072 86 6,472 3,265 160,895 
1986... NA NA 151,056 91 7,670 3,109 161,926 
1987 .... 15,685 NA 150,956 106 8,867 3,297 178,911 
1988 19,306 NA 150,819 106 9,619 3,327 183,177 
1989 .. 23,762 NA 147,087 102 8,098 3,159 182.208 
1990 .... 25,305 NA 157,477 117 10,211 3,17: 196 284 
Natural science 

1975 . NA 95,382 7,014 466 3,111 1,700 107.673 
1976 | NA 98,038 7,483 490 2.713 1,877 110,601 
1977 NA 100,768 7,479 335 2,889 1,793 113,264 
1978 .. NA 103,574 7,985 347 3,165 1,935 117,006 
1979 NA 99,724 8,248 528 3.468 1,880 113,848 
1980 | NA 101,455 8,636 573 3,800 1,935 116,399 
1981 NA 103,217 8,651 460 4.164 1 866 118,357 
1982 a 29,127 105,008 8,710 577 4 562 1,945 149,929 
1983. 15,195 106,831 8,575 6453 5 202 1,980 138,446 
1984 15,856 108,686 9,054 726 6.241 1,992 142,555 
1985 13, 106 119,979 9,166 854 8.112 2.091 153,308 
1986 14,175 122,550 435 945 6.913 2.148 156, 166 
1987 14,717 129 90” 317 1,012 7,082 2.253 164,788 
1988 15,765 130,000 9,895 982 7,673 2.380 166.695 
1989 16,888 134,000 9,900 1,166 8,249 2.428 172,631 
1990 .. 16,570 139,000 4,866 1,278 8,514 2.481 177,709 


See explanatory information an? SOURCES at end of table 
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Table A-9. Bachelor's degrees in science and engineering in 


selected Asian countries, by field: 1975-90 


Page 2 of 3 
South 
Year China india Japan Singapore Korea Taiwan Total 
Math and computer sciences 
1975 NA NA 2,490 NA NA 1,200 3,690 
1976 NA NA 2,529 NA 398 1,336 4,262 
1977 NA NA 2.755 NA 464 1,287 4,506 
1978 NA NA 2,703 NA 563 1,230 4,496 
1979 NA NA 2.829 NA 683 1,345 4,857 
1980 NA NA 2.918 NA 828 1,422 5,168 
1981 NA NA 3,152 NA 1,005 1,438 5,595 
1982 14,804 NA 3,045 NA 1,393 1,536 20,778 
1983 9,289 NA 3,148 NA 1,589 1,710 15,736 
1984 4,610 NA 3,180 NA 1,918 1,710 11,418 
1985 7,862 NA 3,532 NA 2,888 1.916 16,198 
1986 8,462 NA 3,379 NA 2,839 2.134 16,814 
1987 9,152 NA 3,572 NA 3,149 2.082 17,955 
1988 10,884 NA 3,493 NA 5,824 2,414 22.615 
1989 12,943 NA 3,395 NA 6.274 2.621 25,233 
1990 12,915 NA 3,554 NA 6.676 2 818 25,963 
Engineering 

1975 NA 14,073 66,512 236 7,155 5.000 92,976 
1976 | NA 15,057 68,126 241 7.272 5,142 95,838 
1977 NA 16,110 70,431 290 7,858 5,258 99,947 
1978 NA 17,237 72,466 240 8.919 5,559 104,421 
1979 NA 17,236 75,409 272 10,124 6,315 109,356 
1980 NA 18,100 74,737 288 11,492 6.463 111,080 
1981 NA 19,007 76,370 323 13,044 7.299 116,043 
1982 145.263 19,959 74,774 349 14,806 7,309 262 461 
1983 BY, 7256 20,960 70,824 585 20.636 7,320 210,050 
1984 77,388 22,010 71,640 585 22.190 7,330 201,143 
1985 63,132 21,088 72,560 769 23,539 7,703 188,791 
1986 72,703 24,096 74,516 924 27.612 7,730 207,581 
1987 92,994 27,057 77,077 907 27,600 7,508 233,143 
1988 104,271 27,000 77,503 1,001 26.891 7,994 244,660 
1989... } 116,915 28,000 77,009 1,105 28,141 8,007 259,177 
1990 _ { 112,614 29,000 81,355 1,220 28.071 8.950 261,410 


See zx«planatory information and SOURCES at end of table 
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Table A-9. Bachelor's degrees in science and engineering in 
selected Asian countries, by field: 1975-90. 


Page 3 of 3 
South 
Year China India Japan Singapore Korea Taiwan Total 
Agricultural sciences 
1975 NA 4,814 9,480 NA 2,546 800 17,640 
1976 NA 5,145 9,965 NA 2,680 898 18,689 
1977 NA 5,499 10,455 NA 2,822 866 19,642 
1978 NA 5,876 10,937 NA 2,971 961 20,745 
1979 NA 6,280 12,794 NA 3,128 926 23,128 
1980 NA 6,611 11,182 NA 3,293 977 22,063 
1981 NA 6,958 11,555 NA 3,837 1,037 23,387 
1982 32,911 7,325 11,016 NA 4,493 1,010 56,755 
1983 15,817 7,710 10,658 NA 4,603 984 39,773 
1984 15,015 8,116 11,189 NA 4,327 959 39,606 
1985 15,525 8,257 10,928 NA 4,068 980 39,758 
1986 17,136 7,414 10,991 NA 5,483 969 41,993 
1987 18,213 7,810 11,266 NA 6,395 1,137 44,821 
1988 18,920 7,827 10,584 NA 8,050 1,196 46,577 
1989 19,654 7,684 10,252 NA 8,027 1,133 46,750 
1990 20,349 7,774 11,733 NA 8,005 1,234 49,095 
NOTES: Tables on degrees by field, A-9 to A-11, disaggregate fields of science more than table A-8. in 
degree tables by field, natural science includes only physical; biological; and earth, atmospheric, 
and oceanographic sciences. Agriculture and math and computer science are separated out. 
India data are estimated for 1988-90; Singapore data are estimated for 1990. 
SOURCES: UNESCO, 1975-92, Statistical Yearbook, annual series, supplemented by national sources; 
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China: Government of the People's Republic of China, State Education Commission, Department 
of Planning and Construction, 1990, Educational Statistics Yearbook of China (Beijing); India: 
Government of India, University Grants Commission, 1990, Annual Report for the Year 1988-89 
(New Delhi), and Government of India, Department of Science and Technology, n.d., Research 
and Development Statistics, 1990-91 (New Delhi); Japan: Government of Japan, Ministry of 
Education, Science, and Culture, 1975-90, Monbusho Survey of Education, annual series 
(Tokyo); Singapore: University of Singapore, 1974-89, Annua/ Report, annual series; South 
Korea: Government of the Republic of Korea, Ministry of Education, 1975-90, Yearbook of 
Educational Statistics, annual series (Seoul); Taiwan: Government of tne Republic of China, 
Ministry of Education, 1975-90, Educational Statistics of the Republic of China, annual series 
(Taipei); United States: National Science Foundation, 1992, Science and Engineering Degrees. 
1966-90, A Source Book, NSF 92-326 (Washington, DC) 
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Table A-10. Advanced degrees (master's and doctoral) in science and 
engineering in selected Asian countries, by field: 1975-90 


Page 1 of 3 
South 
Year China India Japan Singapore Korea Taiwan Total 
Social and behavioral science 
a NA NA 2,172 NA NA NA 2,172 
SD ie goed NA NA 2,164 NA 161 207 2,532 
a NA NA 2,045 NA 118 239 2,402 
a NA NA 2,122 NA 145 228 2,495 
Tare ..... NA NA 2,092 NA 178 194 2,464 
1980 ..... NA NA 2,103 NA 218 229 2,550 
aaa NA NA 2,125 NA 267 579 2,971 
ae NA NA 1,967 NA 249 464 2,680 
ee ..... NA NA 1,935 2 402 372 2,711 
1984 ..... NA NA 2,003 4 527 298 2,832 
NA NA 2,179 11 825 370 3,385 
ir NA NA 2,175 7 848 372 3,402 
i 1,567 NA 2,282 6 823 430 5,108 
Sa 1,751 NA 2,421 7 798 452 5,429 
rr 1,957 NA 2,560 6 816 286 5,625 
ka 1,792 NA 4,981 6 916 277 7,972 
Natural science 
ar NA 18,825 1,599 18 NA NA 20,442 
ae NA 19,043 1,740 11 220 222 21,236 
2a NA 19,281 1,892 9 230 212 21,624 
ae NA 19,539 1,858 8 285 270 21,960 
ee NA 19,700 1,960 7 352 258 22,277 
ee 68 20,369 1,977 6 436 294 23,150 
er 2,141 21,063 1,989 7 539 372 26,111 
ar 618 21,781 2,021 2 667 359 25,447 
ia 511 22,525 2,087 8 1,099 346 26,575 
1984 ..... 231 23,295 2,102 11 1,187 333 27,159 
1906 «..... 2,421 21,922 2,256 11 1,825 370 28,805 
are 1,595 22,877 2,243 13 1,661 421 28,810 
rr 4,132 26,401 2,426 31 1,865 475 35,330 
1988 ..... 4,660 25,074 2,579 46 1,255 566 34,180 
eek s 5,255 25,110 2,833 46 1,245 586 35,075 
1990 5,299 26,500 5,412 50 1,365 748 39,374 


See explanatory information and SOURCES at end of table. 
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Table A-10. Advanced degrees (master's and doctoral) in science and 
engineering in selected Asian countries, by field: 1975-90 


Page 2 of 3 
South 
Year China India Japan Singapore Korea Taiwan Total 
Math and computer sciences 
ae NA NA 277 NA NA NA 277 
a NA NA 217 NA NA 84 301 
a NA NA 269 NA NA 91 360 
a NA NA 267 NA NA 104 371 
Te NA NA 261 NA NA 92 353 
re NA NA 261 NA NA 93 354 
ar NA NA 283 NA NA 129 412 
Ee NA NA 264 NA NA 165 429 
ar 180 NA 308 NA NA 164 652 
2a 198 NA 337 NA NA 164 699 
1086 ..... 1,075 NA 346 NA NA 188 1,609 
a 941 NA 340 NA NA 272 1,553 
ae 941 NA 392 NA NA 278 1,611 
Se NA NA 387 NA 399 307 1,093 
jaar NA NA 440 NA 392 418 1,250 
Fre NA NA 827 NA 596 465 1,888 
Engineering. 
ar NA 1,364 6,721 5 NA NA 8,090 
Ser NA 1,563 6,440 42 319 265 8,629 
ar NA 1,794 7,705 45 334 314 10,192 
Pa NA 2,062 8,355 49 464 403 11,333 
ee NA 2,086 8,358 53 645 395 11,537 
1980 ..... 205 2,091 7,879 57 896 485 11,613 
re 3,515 2,095 7,733 64 1,246 528 15,181 
Pe 793 2,100 8,061 72 1,731 634 13,391 
ar 1,348 2,105 8,367 148 2,012 761 14,741 
Pe 46s a 1,011 2,110 8,952 132 2,191 914 15,310 
Sar 4,971 1,935 9,251 135 2,504 1,151 19,947 
1986 ..... 5,026 2,675 10,303 155 2,844 1,362 22,365 
11,051 3,162 11,137 157 3,037 1,551 30,095 
are 12,850 2,829 11,956 151 3,852 1,868 33,506 
ae 14,943 2,933 12,954 132 4,020 2,071 37,053 
1990 14,027 3,050 24,910 150 4,014 2,407 48,558 
See explanatory information and SOURCES at end of table. 
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Table A-10. Advanced degrees (master's and doctoral) in science and 
engineering in selected Asian countries, by field: 1975-90 


Page 3 of 3 
South 
Year China Indiq Japan Singapore Korea Taiwan Total 
Agricultural sciences 

1975 ..... NA 1,800 1,171 NA NA NA 2,971 
a NA 2,087 1,145 NA 194 142 3,568 
NA 2,420 1,339 NA 257 157 4,173 
See NA 2,806 1,460 NA 442 155 4,863 
thie ik NA 2,864 1,334 NA 470 140 4,808 
are NA 2,946 1,315 NA 531 140 4,933 
=i 311 3,031 1,318 NA 647 153 5,460 
ee 121 3,120 1,258 NA 442 167 5,109 
ae 167 3,214 1,362 NA 470 183 5,396 
ek +6a4 53 3,312 2,139 NA 531 200 6,235 
ae 1,026 5,738 2,301 NA 647 204 9,916 
1986 ..... 788 5,941 2,380 NA 622 252 9,983 
je 1,161 3,659 2,382 NA 619 266 8,087 
ae 1,400 5,384 2,563 NA 1,072 304 10,723 
aS 1,688 5,739 2,837 NA 1,022 350 11,636 
A 1,461 6,300 5,400 NA 1,095 391 14,647 
NOTES India data are estimated for 1988-90; Singapore data are estimated for 1990. 

KEY: NA = Not available 


SOURCES: UNESCO, 1975-92, Statistical Yearbook, annual series, supplemented by national sources; 
China: Government of the People's Republic of China, State Education Commission, Department 
of Planning and Construction, 1990, Educational Statistics Yearbook of China (Beijing); India: 
Government of India, University Grants Commission, 1990, Annual Report for the Year 1988-89 
(New Delhi), and Government of India, Department of Science and Technology, n.d., Research 
and Development Statistics, 1990-91 (New Delhi); Japan: Government of Japan, Ministry of 
Education, Science, and Culture, 1975-90, Monbusho Survey of Education, annual series 
(Tokyo); Singapore: University of Singapore, 1974-89, Annual Report, annual series; South 
Korea: Government of the Republic of Korea, Ministry of Education, 1975-90, Yearbook of 
Educational Statistics, annual series (Seoul); Taiwan: Government of the Republic of China, 
Ministry of Education, 1975-90, Educational Statistics of the Republic of China, annual series 
(Taipei) 
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National Science Foundation 


Table A-11. Doctoral degrees in science and engineering 


in selected Asian countries, by field: 1975-90 


Page 1 of 3 
South 
Year China India Japan Korea Taiwan Total 
Social and behavioral science 
aa NA NA 444 NA NA 444 
a NA NA 499 31 7 537 
a NA NA 451 23 13 487 
1978 ..... NA NA 454 23 2 479 
1979 ..... NA NA 446 24 6 476 
NA NA 464 24 8 496 
Rie oS NA NA 523 25 10 558 
ra NA NA 520 25 13 558 
1983 ..... NA NA 459 41 15 515 
1984 ..... NA NA 467 39 23 529 
Es se NA NA 523 50 16 589 
ok oo NA NA 490 52 26 568 
I ae oa NA NA 489 102 22 613 
«5 se NA NA 536 90 22 648 
1989 ..... 62 NA 501 97 41 701 
1990 ..... 114 NA 482 107 43 746 
Natural science 

ae NA 1,484 449 NA NA 1,933 
ar NA 1,651 456 29 2 2,138 
Ae 6 4's NA 1,837 526 22 4 2,389 
1978 ..... NA 2,044 462 30 7 2,543 
ae NA 2,261 515 41 4 2,821 
rr NA 2,385 536 55 6 2,982 
ae NA 2,516 555 75 8 3,154 
rar NA 2,654 511 102 5 3,272 
ee NA 2,800 506 83 8 3,397 
1984 ..... NA 2,954 460 124 14 3,552 
a NA 2,838 535 212 20 3,605 
NA 2,840 498 201 22 3,561 
se & 4 NA 3,038 522 277 35 3,872 
1988 ..... NA 3,074 507 207 35 3,823 
1989 ..... 571 3,110 587 192 42 4,502 
1990 ..... 652 3,500 568 170 47 4,937 


See explanatory information and SOURCES at end of table. 
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Table A-11. Doctoral degrees in science and engineering 


in selected Asian countries, by field: 1975-90 


Page 2 of 3 
South 
Year China India Japan Korea Taiwan Total 
Math and computer sciences 
iw ois ig NA NA 45 NA NA 45 
ae NA NA 29 NA 0 29 
ES ai ed NA NA 41 NA 0 41 
NS te tm NA NA 38 NA 0 38 
1979 ..... NA NA 40 NA 1 41 
ee NA NA 53 NA 1 54 
a NA NA 52 NA 1 53 
SE NA NA 58 NA 3 61 
ae NA NA 76 NA 4 80 
nn s+ has NA NA 69 NA 2 71 
a NA NA 75 NA 4 79 
NA NA 66 NA 13 79 
RE NA NA 83 NA 14 97 
a NA NA 82 73 14 169 
a NA NA 88 105 18 211 
1990 ..... NA NA 66 75 24 165 
Engineering 

ae NA 136 576 NA NA 712 
NA 135 558 20 8 721 
NA 135 672 14 3 824 
rr NA 134 591 20 3 748 
Se sse0s NA 176 665 29 8 878 
rare NA 179 665 42 10 896 
ee NA 182 697 60 15 955 
ee NA 185 634 87 15 921 
re NA 189 591 97 14 891 
1984 ..... NA 192 575 120 31 918 
ee NA 194 559 197 59 1,009 
Fe NA 215 599 273 83 1,170 
nn 6668 NA 225 642 270 98 1,235 
ae NA 229 736 346 98 1,409 
1989 ..... 971 233 930 415 120 2,669 
a «0496 1,054 250 948 439 165 2,856 


See explanatory information and SOURCES at end of table. 
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Table A-11. Doctoral degrees in science and engineering 


in selected Asian countries, by field: 1975-90 


Page 3 of 3 
South 
Year China India Japan Korea Taiwan Total 
Agricultural sciences 

1975 ..... NA 289 175 NA NA 464 
1976 ..... NA 328 153 48 4 533 
1977 ..... NA 372 201 40 4 617 
ew wy lst NA 422 243 43 5 713 
1979 ..... NA 480 198 45 7 730 
ae NA 517 196 48 5 767 
1981 ..... NA 558 254 52 15 8738 
ae NA 601 238 55 8 902 
eer NA 648 200 60 17 925 
er NA 698 214 77 15 1,004 
ae NA 782 223 89 10 1,104 
1986 ..... NA 690 208 105 28 1,031 
Pr NA 832 223 110 28 1,193 
ae a NA 884 262 155 28 1,329 
ae 75 939 332 175 36 1,557 
1990 ..... 120 1,100 303 154 33 1,710 
NOTE India data are estimated for 1988-90. 
KEY: NA = Not available 
SOURCES: UNESCO, 1975-92, Statistical Yearbook, annual series, supplemented by national 


sources; China: Government of the People’s Republic of China, State Education 
Commission, Department of Planning and Construction, 1990, Educational Statistics 
Yearbook of China (Beijing); India: Government of India, University Grants 
Commission, 1990, Annual Report for the Year 1988-89 (New Delhi), and Government 
of India, Department of Science and Technology, n.d., Research and Development 
Statistics, 1990-91 (New Delhi); Japan: Government of Japan, Ministry of Education, 
Science, and Culture, 1975-90, Monbusho Survey of Education, annual series (Tokyo); 
Singapore: University of Singapore, 1974—89, Annua/ Report, annual series; South 
Korea: Government of the Republic of Korea, Ministry of Education, 1975~90, 
Yearbook of Educational Statistics, annual series (Seoul); Taiwan: Government of the 
Republic of China, Ministry of Education, 1975-90, Educationa! Statistics of the 
Republic of China, annual series (Taipei) 
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Table A-12. Ratio of science and engineering degrees to total bachelor's degrees 
in selected Asian countries and the United States, by field: 1975-90 


Page 1 of 3 
South United 
Year China India Japan Singapore Korea Taiwan States 
Natural science 
1975 ... NA NA 0.06 0.20 NA NA 0.13 
1976 ... NA 0.16 .06 21 0.17 0.14 13 
1977 ... NA .16 .06 14 17 13 13 
1978 ... NA .16 .06 .14 .16 13 13 
1979 ... NA 17 .06 .19 .16 13 13 
1980 ... NA .18 .06 22 .16 13 13 
1981 ... NA 21 06 21 .16 13 13 
ee aes 0.21 .20 .06 24 17 .14 13 
1983 ... 16 19 .06 .23 15 14 .13 
1984 ... 17 .19 .06 19 14 13 13 
1986... .18 .20 .06 .20 13 14 .14 
1986 ... 17 .19 .06 .20 11 14 .14 
re 17 .20 .06 .20 11 .14 .13 
1988 ... 16 .19 .06 .19 13 .15 12 
1989 ... .16 .19 .06 .20 14 15 11 
1990 ... 17 NA .06 NA 14 15 10 
Engineering 

1975... NA NA 0.21 0.10 NA NA 0.04 
a NA 0.02 21 .10 0.21 0.18 .04 
NA .02 21 12 21 .18 04 
1978 ... NA .03 .20 .10 22 .18 .05 
1979 ... NA .03 .20 .10 22 .20 .06 
1980 ... NA .03 .20 11 23 19 .06 
1981 ... NA 04 .20 15 23 23 .07 
6 0.40 .04 .20 15 24 22 .07 
1983 ... 36 .04 19 .20 27 22 .07 
1984 ... .38 04 .19 .16 24 21 .08 
1985 ... 31 03 .19 .18 .20 22 .08 
1986 ... .32 04 .20 19 .20 21 .08 
1987 ... 37 04 .20 .18 18 19 .07 
1988 ... .37 .04 .20 19 17 21 .07 
1989 ... .38 04 .20 19 17 20 .06 
Al NA .20 NA 17 21 .06 


See explanatory information and SOURCES at end of table. 
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Table A-12. Ratio of science and engineering degrees to total bachelor's degrees 
in selected Asian countries and the United States, by field: 1975-90 


Page 2 of 3 
South United 
Year China India Japan Singapore Korea Taiwan States 
Natural science and engineering 
1975 ... NA NA 0.27 0.29 NA NA 0.17 
1976 ... NA 0.19 27 31 0.38 0.32 17 
1977 NA .19 27 27 .38 31 .18 
1978 NA .19 .26 24 38 .32 18 
1979 NA .20 .26 .29 38 .32 19 
1980 NA 21 .26 .33 38 32 .19 
1981 NA .25 .26 .36 .39 36 .19 
'982 0.61 24 .26 .39 40 36 .20 
1983 51 .23 25 43 41 35 .20 
1984 55 .22 .26 35 38 34 21 
1985 49 .23 .26 .38 33 36 .22 
1986 49 .23 .26 .39 31 35 21 
1987 54 24 .27 .37 .30 34 21 
1988 54 .23 .27 .38 .30 36 19 
1989 54 .23 .27 .39 .30 35 18 
1990 58 NA .27 NA 31 36 16 
Social science 

7S ... NA NA 0.43 NA NA NA 0.18 
1976 ... NA NA 43 NA 0.04 0.10 17 
1977 ... NA NA 42 NA 04 .10 16 
1978 ... NA NA 42 NA 04 09 15 
1979 ... NA NA 42 NA .03 .09 15 
1980 ... NA NA 42 NA 03 .08 14 
1981 ... NA NA 42 NA .03 .09 14 
1982 ... NA NA 42 NA .03 .09 14 
1983 ... NA NA 41 NA 06 .09 13 
1984 ... NA NA 41 0.02 04 09 13 
1985 ... NA NA .40 .02 .05 09 13 
1986 ... NA NA .40 .02 06 08 13 
1987 ... 0.06 NA .39 .02 .06 09 13 
1988 ... .07 NA .39 .02 06 09 14 
1989 ... .08 NA .39 .02 05 08 14 
ar .08 NA .39 NA .06 07 15 


See explanatory information and SOURCES at end of table. 
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Table A-12. Ratio of science and engineering degrees to total bachelor’s degrees 
in selected Asian countries and the United States, by field: 1975-90 


Page 3 of 3 
South United 
Year China India Japan Singapore Korea Taiwan States 
Science and engineering 
1975 NA NA 0.70 0.29 NA NA 0.34 
1976 NA 0.19 .70 31 0.42 0.41 34 
1977 NA .19 .69 27 41 41 34 
1978 NA .19 .69 24 41 41 .33 
1979 NA .20 .69 29 41 41 .33 
1980 NA 21 .68 .33 41 40 .33 
1981 NA 25 .67 .36 42 45 .33 
1982 0.61 24 .67 .39 43 45 .33 
1983 51 23 .66 43 47 44 .33 
1984 55 22 .66 .38 42 43 34 
1985 49 23 .66 .40 .38 45 .34 
1986 49 .23 .66 41 .37 44 34 
1987 .60 24 .66 40 35 42 34 
1988 61 .23 .66 .40 36 44 .33 
1989 62 23 .66 41 35 42 32 
1990 .67 NA .66 NA .37 43 31 
NOTES: China reports social science degrees from 1987 to 1989. India does not report social science 
degrees. 

KEY: NA = Not available 
SOURCE: Computed, table A-3 
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Table A-13. Bachelor's degrees in natural science and engineering as a percentage 
of 22-year-olds in selected Asian countries and the United States: 1975-90 


Page 1 of 1 
South United 
Year China india Japan Singapore Korea Taiwan States 
1975 NA 1.07 4.65 1.40 2.07 NA 4.02 
1976 NA 1.08 494 1.41 2.00 2.59 3.85 
1977 NA 1.08 5.27 1.17 2.03 2.53 3.72 
1978 NA 1.09 5.60 1.06 2.13 2.61 3.61 
1979 NA 1.02 6.09 1.40 2.24 2.76 3.51 
1980 NA 1.01 6.17 1.45 2.37 2.82 4.10 
1981 NA 1.01 6.26 1.31 2.67 3.01 4.24 
1982 1.19 1.01 6.09 1.54 3.03 2.99 4.41 
1983 0.67 1.02 5.77 2.07 3.82 3.01 4.60 
1984 .55 1.02 5.85 2.16 410 2.99 482 
1985 47 1.07 5.88 2.65 4.54 3.25 5.04 
1986 51 1.08 5.90 3.15 5.02 3.36 5.16 
1987 .59 1.13 6.00 3.34 5.18 3.40 5.13 
1988 .63 1.11 5.88 3.56 5.66 3.69 4.90 
1989 79 1.12 5.73 4.20 5.91 3.79 4.76 
1990 .83 1.13 5.96 NA 5.97 4.17 4.52 
NOTES: Natural science includes physical; biological; earth, atmospheric, and oceanographic: 
agricultural; and math and computer sciences. National data were reconfigured to include only 
fields of study corresponding to classification of programs used in surveys of higher education in 
the United States. 
KEY: NA = Not available 
SOURCE: Computed, tables A-3 and A-15 
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Table A-14. Total population in selected Asian countries: 1975-2000 (projected) 


[In thousands] 
Page 1 of 1 
South 
Year China india Japan Singapore Korea Taiwan Total 

1975 916,395 613,459 111,940 2.263 35,281 16,000 1,695,337 
1976 929,010 627,569 112,892 2,292 35,832 16,316 1,723,911 
1977 941,800 642,004 113,852 2,322 36,392 16,637 1,753,007 
1978 954.765 656,771 114,820 2,352 36,960 16,965 1,782,635 
1979 967,909 671,878 115,797 2,383 37,538 17,300 1,812,805 
1980 981,234 687 332 116,782 2,414 38,124 17,641 1,843,528 
1981 994,235 702,235 117,566 2,474 38,646 17,930 1,873,086 
1982 1,007,408 717,460 118,355 2,536 39,175 18,224 1,903,158 
1983 1,020,755 733,016 119,149 2,600 39,711 18,523 1,933,754 
1984 1,034,280 748,909 119,949 2,664 40,255 18,826 1 964,884 
1985 1,047,983 765,147 120,754 2,731 40,806 19,135 1,996,556 
1986 1,064,591 781,322 121,302 2,783 41,197 19,365 2,030,561 
1987 1,081,463 797,839 121,853 2,837 41,591 19,598 2,065,180 
1988 1,098,601 814,705 122,406 2,891 41,989 19,833 2,100,426 
1989 1,116,012 831,926 122,961 2,947 42,391 20,072 2,136,310 
1990 1,133,698 849,515 123,519 3,003 42,797 20,313 2,172,845 
1991 1,150,104 865,020 123,954 3,045 43,180 20,491 2,205,793 
1992 1,166,747 880,808 124,391 3,088 43,566 20,670 2,239,269 
1993 1,183,631 896,884 124,829 3,131 43,956 20,851 2,273,281 
1994 1,200,759 913,253 125,269 3,175 44,349 21,034 2,307 838 
1995 1,218,135 929,921 125,710 3,219 44.746 21,218 2,342,949 
1996 1,232,857 944 683 126,084 3,249 45,119 21,384 2,373,377 
1997 1,247,758 959,680 126,459 3,279 45,495 21,552 2,404,222 
1998 1,262,838 974,915 126,835 3,309 45,874 21,720 2,435,492 
1999 1,278,101 990,392 127,213 3,339 46,256 21,891 2,467,191 
2000 1,293,548 1,006,114 127,591 3,370 46,642 22,062 2,499,327 


SOURCE: Bos, Edward, My T. Vu, and Ann Levin, 1992, East Asia and Pacific Region, South Asia Region 
Population Projections, 1992-93 edition (Washington, DC: The World Bank, Population and 
Human Resources Department) 
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Table A-15. Twenty- to twenty-four-year-old population in selected Asian countries: 


1975-2010 (projected) 


[in thousands] 
Page 1 of 1 
South 
Year China India Japan Singapore Korea Taiwan Total 
1975 89,178 52,885 9,189 250 3,089 1,710 156,300 
1976 88,370 54,634 8,916 259 3,269 1,790 157,238 
1977 87,569 56,441 8,652 267 3,460 1.816 158,206 
1978 86,776 58,308 8,395 277 3,663 1,854 159,273 
1979 85,990 60,237 8,146 286 3,877 1,895 160,430 
1980 85,211 62,229 7,904 296 4,103 1,917 161,660 
1981 89,116 63,681 7,959 298 4.133 1,936 167,124 
1982 93,201 65,167 8,015 300 4,164 1,976 172,823 
1983 97,472 66,688 8,071 302 4,194 1,994 178,722 
1984 101,940 68,244 8,127 304 4,225 2,002 184,843 
1985 106,612 69,837 8,184 306 4,256 1,950 191,145 
1986 110,434 71,349 8,329 297 4,264 1,931 196,503 
1987 114,392 72,893 8,477 288 4,272 1,911 202,233 
1988 118,493 74,470 8,628 279 4,279 1,892 208,042 
1989 122,740 76,082 8,781 270 4,287 1,874 214,035 
1990 127,140 77,729 8,937 262 4,295 1,855 220,218 
1991 126,109 79,529 9,137 260 4,326 1,832 221,193 
1992 125,086 81,372 9,342 257 4,358 1,809 222,224 
1993 124,072 83,256 9,551 255 4,390 1,786 223,310 
1994 123,066 85,185 9,765 252 4,422 1,764 224,454 
1995 122,068 87,158 9,984 250 4,454 1,742 225,656 
1996 116,094 87,594 9,664 242 4,334 1,773 219,701 
1997 110,412 88,033 9,354 234 4.217 1,804 214,054 
1998 105,008 88,473 9,054 227 4,104 1,836 208,702 
1999 99,869 88,916 8,763 220 3,993 1,869 203,630 
2000 94,981 89,361 8,482 213 3,886 1,902 198,825 
2001 94,112 92,010 8,255 216 3,829 1,928 200,351 
2002 93,251 94,738 8,035 220 3,773 1,955 201,972 
2003 92,398 97,546 7,820 224 3,718 1,982 203,688 
2004 91,553 100 438 7,611 227 3,664 2,009 205,502 
2005 90,715 103,415 7,408 231 3,610 2.037 207,416 
2006 95,379 104,983 7,282 238 3,537 1,958 213,378 
2007 100,284 106,575 7,158 246 3,465 1,883 219,611 
2008 105,440 108,190 7,036 254 3,395 1,810 226,126 
2009 110,862 109,831 6,917 262 3,326 1,740 232,938 
2010 116,562 111,496 6,799 271 3,259 1,673 240,060 
SOURCE: Bos, Edward, My T. Vu, and Ann Levin, 1992, East Asia and Pacific Region, South Asia Region 


Population Projections, 1992-93 edition (Washington, DC: The World Bank, Population and 
Human Resources Department) 
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Table A-16. Overall R&D in selected Asian countries and the United States: 1975-90 


Page 1 of 4 
Overall 
Country R&D in millions of currency units R&D asa 
(unit of Year percentage of 
CUNERCY) Constant vo 
| domestic 
Current year Constant Current 1987 
units 1987 units  $PPPs SPPPs promuct 
1975 3,568 9,034 976 1,702 0.5 
1976 3,741 9,043 1,013 1,704 4 
1977 306 9,854 1,167 1,857 5 
1978 86 11,782 1,495 2,220 5 
1979 6,385 12,218 1,693 2,302 6 
India 1980 7,605 13,052 1,922 2,460 6 
(rupee) 1981 9,407 14,644 2,308 2.759 6 
1982 12,061 17,475 2,905 3,293 B 
1983 13,811 18,446 3,148 3,478 7 
1984 17,816 22,137 3,803 4.172 8 
1985 20,687 23,950 4,199 4513 8 
1986 24,354 26,439 4,752 4,982 8 
1987 28,531 28,531 5,377 5,377 9 
1988 33,473 30,927 6,096 5,828 8 
1989 . 37,257 32,034 NA 6,037 8 
1990 41,864 32,319 NA 6,090 - 
1975 2,737,000 3,834,828 9,789 18,296 1.8 
1976 3,054,400 3,992,396 10,770 19,048 1.8 
1977 3,358,920 4,124,347 11,882 19.677 1.8 
1978 3,725,080 4,392,906 13,463 20,959 1.8 
1979 4,217,280 4,827 237 16,164 23,031 1.9 
Japan 1980 4,826,320 5,319,981 19,305 25,382 2.0 on 
(yen) 1981 5,502,794 5,880,095 23,238 28,054 21 i’ 
1982 6,014,874 6,307,523 26,591 30,093 2.2 “4 
1983 6,621,186 6,893,383 29,839 32,888 2.4 
1984 7,302,421 7,510,003 33,329 35,830 2.5 
1985 8,274,717 8,382,288 38,185 39,992 26 
1986 8,562,752 8.529.074 39,661 40,692 2.6 
1987 9,162,095 9,162,095 43,712 43,712 2.7 
1988 . 9,931,859 9,873,379 48,781 47,106 2.7 
11,075,422 10,840,002 55,433 51,718 2.9 
1990 .. 12,281,229 11,725,622 62,787 55,943 2.9 


See explanatory information and SOURCES at end of table. 
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Table A-16. Overall R&D in selected Asian countries and the United States: 1975-90 


Page 2 of 4 
Overall 
Country R&D in millions of currency units R&D as a 
{unit of Year percentage of 
currency) ——_— j — 
Current year Constant Current 1987 se 
units 1987 units $PPPs " $PPPs “ P 
1975 NA NA NA NA NA 
1976 NA NA NA NA NA 
1977 38 51 23 28 0.2 
1978 46 61 29 34 3 
1979 55 70 36 39 3 
Singapore 1980 67 76 43 42 3 
(Singapore 1981 81 86 53 48 3 
dollar) 1982 112 114 80 63 3 
1983 155 151 97 84 4 
1984 214 208 118 116 § 
1985 258 254 148 141 D 
1986 311 313 173 174 8 
1987 375 375 208 208 9 
1988 431 414 240 230 9 
1989 497 465 276 258 9 
1990 572 525 318 292 9 
1975 NA NA NA NA NA 
1976 60,900 195,357 242 378 0.4 
1977 108,286 297,996 393 577 6 
1978 152,418 342,458 493 663 6 
1979 174,039 326,323 505 632 6 
South Korea | 1980 211,727 319,843 508 620 6 
(won) 1981 293,131 378,865 643 734 6 
1982 457,688 553,278 996 1,072 8 
1983 621,749 716,626 1,298 1,388 1.0 
1984 833,894 924,139 1,694 1,790 1.1 
1985 1,155,156 1,230,241 2,263 2,383 1.4 
1986 1,523,279 1,578,105 2,955 3,057 1.6 
1987 1,877,965 1,877,965 3,638 3,638 1.7 
1988 2,347,415 2,216,309 4,533 4,294 1.8 
1989 2,705,104 2,439,404 NA 4,726 1.9 
1990 3,210,486 2,604,088 NA 5,045 1.9 


See explanatory information and SOURCES at end of table. 
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Table A-16. Overall R&D in selected Asian countries and the United States: 1975-90 


Page 3 of 4 
Overall 
Country R&D in millions of currency units R&D as a 
(unit of Year percentage of 
currency) a _ 
Current year Constant Current 1987 are , 

units 1987 units $PPPs “ $PPPs “” Paae 
1975 ... NA NA NA NA NA 
1976 ... NA NA NA NA NA 
a NA NA NA NA NA 
1978 ... 6,407 10,339 242 388 0.6 
1979 ... 9,908 14,340 370 539 8 

Taiwan 
(New 1980 ... 10,562 13,155 368 494 7 
Taiwanese 1981 ... 16,413 18,247 550 685 9 
dollar) 1982 ... 16,864 18,121 579 681 9 
1983 ... 19,200 20,241 660 760 9 
1984 ... 22,443 23,446 781 880 1.0 
1985 ... 25,397 26,373 896 990 1.0 
1986 ... 28,701 28,842 1,018 1,083 1.0 
1987 ... 36,779 36,779 1,381 1,381 1.1 
1988 ... 43,839 43,373 1,672 1,629 1.3 
1989 ... 54,789 52,556 NA 1,974 1.4 
1990 ... 71,548 65,938 NA 2,476 1.7 
China 1990 ... 12,695 10,458 NA 21,465 0.7 
(yuan) 


See explanatory information and SOURCES at end of table. 
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Table A-16. Overall R&D in selected Asian countries and the United States: 1975-90 


Page 4 of 4 
United Total 
States Asian countries 
Overail Overall 
R&D asa R&D as a 
percentage percentage 
Constant of gross Constant of gross 
1987 domestic 1987 domestic 
Year dollars product $PPPs “” product 
1975 ... 72,256 2.2 19,998 0.7 
1976 ... 75,065 2.2 21,130 7 
a 76,758 2.2 22,140 7 
1978 ... 80,091 2.2 24,264 7 
1979 ... 84.115 2.2 26,542 8 
1980 ... 87,666 2.3 28,997 8 
Se oes 91,452 2.4 32,280 8 
1982 ... 95,589 2.5 35,202 9 
1983 .. 102,310 2.6 38,597 1.0 
1984 ... 111,137 2.7 42,788 1.0 
1985 ... 120,624 2.8 48,020 1.1 
1986 ... 123,267 2.8 49,989 1.1 
1987 ... 125,353 2.8 54,316 1.1 
1988 ... 128,848 2.7 59,086 1.1 
1989 ... 129,888 2.7 64,712 1.1 
1990 ... 129,545 2.7 91,311 1.5 


" $PPPs = purchasing power parity dollars 


KEY: 


SOURCES: 


Human Resources for Science and Technology: The Asian Region 


NA = Not available 


China: Government of the People's Republic of China, State Science and Technology 
Commission, Division of Statistics, Department of Planning; India: Government of India, 
Department of Science and Technology, 1991, Pocket Data Book, 1991 (New Delhi), and 
Government of India, Department of Science and Technology, n.d., Research end 
Development Statistics, 1990-91 (New Delhi); Japan: Organization for Economic Cooperation 
and Development, 1992, Main Science and Technology Indicators (Paris); Singapore: 
Government of Singapore, National Science and Technology Board, 1990, Nationa! Survey of 
R&D Expenditures and Manpower, and Government of Singapore, Science Council of 
Singapore, 1982-88, National Survey of R&D Expenditures and Manpower, South Korea: 
Government of the Republic of Korea, Ministry of Science and Technology, 1990, 1989 Report 
on the Survey of Research and Development in Science and Technology (Seoul); Taiwan: 
Government of the Republic of China, National Science Council, 1989-90, Indicators of 
Science and Technology, annual series (Taipei); United States: National Science Foundation, 
1992, National Patterns of R&D Resources: 1992, NSF 92-330 (Washington, DC) 
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Table A-17. R&D in selected Asian countries and the United States, 
by source of funds: 1975-90 


Page 1 of 8 
R&D in millions of currency units 
Country Government 
(unit of Year percentage 
currency) Constant of total 
Current Constant Current 1987 R&D 
year units 1987 units $PPPs “’ $PPPs “” 
Government 

1973 ..... 2,882 7,297 788 1,375 80.8 

2,939 7,104 796 1,339 78.6 

 , aa 3,349 7,664 908 1,444 77.8 

1978 ..... 3,975 8,860 1,124 1,670 75.2 

1979 ..... 4,730 9,050 1,254 1,705 74.1 

India aa 5,534 9,498 1,399 1,790 72.8 
(rupee) a 6,861 10,680 1,683 2,013 72.9 
ar 8,866 12,845 2,136 2,421 73.5 

1983 ..... 10,116 13,511 2,306 2,546 73.2 

1984 ..... 13,772 17,113 2,940 3,225 77.3 

1985 ..... 16,182 18,734 3,285 3,530 78.2 

1986 ..... 19,081 20,715 3,723 3,904 78.3 

ee 22,543 22,543 4,248 4,248 79.0 

1988 ..... 25,875 23,907 4,712 4,505 77.3 

1989 ..... 28,223 24,267 NA 4,573 75.8 

32,161 24,828 NA 4,679 76.8 

a 812.274 1,138,082 2,905 5,430 29.7 

a 898,000 1,173,773 3,166 5,600 29.4 

992,506 1,218,677 3,511 5,814 29.5 

Sar 1,121,454 1,322,507 4,053 6,310 30.1 

ae 1,240,144 1,419,510 4,753 6,772 29.4 

Japan 1980 ..... 1,347,459 1,485,284 5,390 7,086 27.9 
(yen) a 1,370,196 1,464,144 5,786 6,985 24.9 
er 1,413,495 1,482,268 6,249 7,072 23.5 

1963 ..... 1,450,040 1,509,651 6,535 7,203 21.9 

1984 ..... 1,496,996 1,539,551 6,832 7,345 20.5 

1985 ..... 1,580,471 1,601,017 7,293 7,638 19.1 

1986 ..... 1,661,174 1,654,640 7,694 7,894 19.4 

1,795,771 1,795,771 8,568 8,568 19.6 

1988 ..... 1,797,666 1,787,082 8,829 8,526 18.1 

1989 ..... 1,860,671 1,821,120 9,313 8,689 16.8 

ae #6964 1,989,559 1,899,551 10,172 9,063 16.2 


See explanatory information and SOURCES at end of table. 
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Table A-17. R&D in selected Asian countries and the United States, 
by source of funds: 1975-90 


Page 2 of 8 
R&D in millions of currency units 
Country Government 
(unit of Year percentage 
currency) Constant of total 
Current Constant Current 1987 R&D 
year units 1987 units $PPPs “” $PPPs “” 
Government 

19976 ..... NA NA NA NA NA 

1976 ..... NA NA NA NA NA 

1977 ..... NA NA NA NA NA 

a 11 15 7 8 24.1 

1979 ..... 16 20 10 11 28.7 

Singapore 1980 ..... 23 26 15 14 34.3 
(Singapore a 33 35 22 19 40.9 
dollar) 1982 ..... 47 48 34 27 42.3 
ie 68 66 43 37 43.7 

1984 ..... 97 94 53 52 45.2 

1965 ..... 108 106 62 59 41.8 

1986 ..... 120 121 67 67 38.7 

re 134 134 74 74 35.8 

ew 168 161 93 89 38.8 

1989 ..... 210 196 116 109 42.2 

1990 ..... 262 240 146 134 45.8 

eee NA NA NA NA NA 

re 39,181 125,686 156 244 64.3 

ts 26 es 51,256 141,053 186 273 47.3 

re 73,722 165,641 239 321 48.4 

aw 91,322 171,229 265 332 52.5 

South Korea | 1980 ..... 105,459 159,310 253 309 49.8 
(won) ar 121,726 157,328 267 305 41.5 
ae 187,898 227,141 409 440 41.1 

1983 ..... 169,554 195,428 354 379 27.3 

1984 ..... 171,595 190,165 349 368 20.6 

1965 ..... 222,936 237,427 437 460 19.3 

1986 ..... 289,444 299,862 561 581 19.0 

a 382,011 382,011 740 740 20.3 

1988 ..... 415,825 392,601 803 761 17.7 

1989 ..... 461,750 416,396 NA 807 17.1 

a “+06. 510,789 414,311 NA 803 15.9 


explanatory notes and SOURCES at end of table. 


Human Resources for Science and Technology: The Asian Region 
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Table A-17. R&D in selected Asian countries and the United States, 
by source of funds: 1975-90 


Page 3 of 8 
R&D in millions of currency units 
Country Government 
(unit of Year percentage 
currency) Constant of total 
Current Constant Current 1987 R&D 
year units 1987 units $PPPs “’ $PPPs 
Government 

RS i 6 aa NA NA NA NA NA 

1976 ..... NA NA NA NA NA 

I on 5 sce NA NA NA NA NA 

1978 ..... NA NA NA NA NA 

1979 ..... NA NA NA NA NA 
Taiwan 

(New ee 4,133 5,148 144 193 39.1 

Taiwanese 1981 ..... 6,014 6,686 202 251 36.6 

dollar) rer 7,261 7,802 249 293 43.1 

rr 8,456 8,915 291 335 44.0 

1984 ..... 10,632 11,107 370 417 47.4 

66 oes 11,566 12,011 408 451 45.5 

1986 ..... 12,092 12,151 429 456 42.1 

1987 ..... 13,256 13,256 498 498 36.0 

1988 ..... 19,523 19,315 745 725 44.5 

ee 19,601 18,802 NA 706 35.8 

32,772 30,202 NA 1,134 45.8 

China 1990 ..... 7,617 6,275 NA 12,879 60.0 
(yuan) 


See explanatory information and SOURCES at end of table. 
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Table A-17. R&D in selected Asian countries and the United Stztes, 


by source of funds: 1975-90 


Page 4 of 8 
United Total 
States Asian countries 
Government Government 
Constant percentage Constant percentage 
1987 of 1987 of 
Year dollars total R&D $PPPs “” total R&D 
1975 ..... 38,060 51.4 6,805 34.0 
1976 ..... 38,879 51.0 7,182 34.0 
1977 ..... 38,992 50.5 7,532 34.0 
1978 ..... 40,079 49.6 8,308 34.2 
1979 ..... 41,435 48.8 8,821 34.2 
1980 ..... 41,741 47.1 9,392 32.4 
ar 42,964 46.5 9,573 29.7 
ie ak he 43,780 45.7 10,252 29.1 
he ag a 46,923 45.8 10,499 27.2 
1984 ..... 50,239 45.1 11,408 26.7 
rr 55,260 45.8 12,139 25.2 
1986 ..... 55,883 45.4 12,902 25.8 
ee 6 Sag 57,904 46.2 14,128 26.0 
1988 ..... 59,162 45.8 14,606 24.7 
1989 ..... 57,864 445 14,883 23.0 
56,736 43.7 28,691 31.4 
See explanatory information and SOURCES at end of table. 
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by source of funds: 1975-90 


Table A-17. R&D in selected Asian countries and the United States, 


Page 5 of 8 
en R&D in millions of currency units industry 
: percentage 
(unit of of total 
currency) Year Constant 
Current Constant Current 1987 R&D 
year units 1987 units $PPPs ” $PPPs “” 
Industry 
1975 ..... 686 1,737 188 327 19.2 
- @ Se 802 1,939 217 365 21.4 
957 2,190 259 413 22.2 
1978 ..... 1,311 2,922 371 551 24.8 
1979 ..... 1,655 3,167 439 597 25.9 
India  ¢se8s 2,071 3,554 524 670 27.2 
(rupee) ) Se 2,546 3,963 625 747 27.1 
1982 ..... 3,195 4,629 770 872 26.5 
«4s 4 3,695 4,935 842 930 26.8 
1984 ..... 4,044 5,025 863 947 22.7 
nn esses 4,505 5,216 914 983 21.8 
1986 ..... 5,273 5,724 1,029 1,079 21.7 
1987 ..... 5,988 5,988 1,128 1,128 21.0 
1988 ..... 7,490 6,920 1,364 1,304 22.4 
1989 ..... 8,909 7,660 NA 1,444 23.9 
Pr 9,568 7,386 NA 1,392 22.9 
nn 66644 1,715,604 2,403,744 6,136 11,468 62.7 
are 1,924,345 2,515,305 6,785 12,001 63.0 
Pr 2,138,892 2,626,300 7,566 12,530 63.7 
ss | 2,330,556 2,748,374 8,423 13,112 62.6 
1979 ..... 2,697,945 3,088, 156 10,341 14,734 64.0 
Japan 1980 ..... 3,194,604 3,521,364 12,778 16,800 66.2 
(yen) 1981 ..... 3,725,392 3,980,825 15,732 18,992 67.7 
Se 4,162,293 4,364,806 18,401 20,824 69.2 
1963 ..... 4,681,179 4,873,622 21,096 23,252 70.7 
1984 ..... 5,279,650 5,429,732 24,097 25,905 72.3 
1985 ..... 6,123,291 6,202,893 28,257 29,594 74.0 
1986 ..... 6,310,748 6,285,927 29,230 29,990 73.7 
nn 46866 6,734,140 6,734,140 32,129 32,129 73.5 
1988 ..... 7,488,622 7,444,528 36,781 35,518 75.4 
1989 ..... 8,539,150 8,357,642 42,738 39,874 77.1 
9,567,077 9,134,260 48,911 43,579 77.9 


See explanatory information and SOURCES at end of table. 
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Table A-17. R&D in selected Asian countries and the United States, 
by source of funds: 1975-90 


Page 6 of 8 
— R&D in millions of currency units industry 
ge | percentage 
(unit of 

currency) Year Constant of total 

Current Constant Current 1987 R&D 

year units 1987 units $PPPs “’ $PPPs “” 
Industry 

1975 ..... NA NA NA NA NA 

ae NA NA NA NA NA 

1977 ..... NA NA NA NA NA 

1978 ..... 27 35 17 20 58.4 

1979 ..... 32 41 21 23 58.7 

Singapore 1980 ..... 39 45 25 25 58.9 
(Singapore ll Fx 48 51 31 28 59.1 
dollar) 1982 ..... 65 66 46 36 57.6 
1983 ..... 87 85 55 47 56.2 

1984 ..... 117 114 65 63 54.8 

1985 ..... 149 147 86 81 57.8 

ae 190 191 105 106 61.0 

1987 ..... 241 241 134 134 64.3 

rT +o 66% 262 251 146 140 60.7 

a s¢ees 285 267 158 148 57.4 

Pre 310 285 172 158 54.2 

a ~eeee NA NA NA NA NA 

1976 ..... 21,438 68,769 85 133 35.2 

1977 . 56,580 155,705 205 302 52.3 

eee 77,971 175,188 252 339 51.2 

1979 ..... 79,248 148,590 230 288 45.5 

South 1980 ..... 102,445 154,757 246 300 48.4 
Korea 1981 ..... 165,226 213,551 362 414 56.4 
(won) ae 268,747 324,876 585 629 58.7 
a eee 451,047 519,876 941 1,007 72.5 

1984 ..... 655,722 726,685 1,332 1,408 78.6 

1985 ..... 930,263 990,730 1,822 1,919 80.5 

1986 ..... 1,232,579 1,276,942 2,391 2,474 80.9 

1987 ..... 1,494,975 1,494,975 2,896 2,896 79.6 

ee 1,931,207 1,823,347 3,730 3,533 82.3 

1989 ..... 2,242,234 2,021,998 NA 3,917 82.9 

ar 2,699,697 2,189,777 NA 4,242 84.1 

See explanatory information and SOURCES at end of table. 
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Table A-17. R&D in selected Asian countries and the United States, 
by source of funds: 1975-90 


Page 7 of 8 
R&D in millions of curre units 
Country a industry 
(unit of ro * 
of total 
currency) Year Constant 
Current Constant Current 1987 R&D 
year units 1987 units $PPPs “” $PPPs "” 
Industry 

1975 ..... NA NA NA NA NA 

1976 ..... NA NA NA NA NA 

aa NA NA NA NA NA 

ns osu NA NA NA NA NA 

1979 ..... NA NA NA NA NA 

Taiwan 5,873 7,315 204 275 55.6 

(New ae 9,520 10,584 319 397 58.0 

Taiwanese 1982 ..... 9,036 9,709 310 365 53.6 

dollar) 1983 ..... 10,209 10,763 351 404 53.2 

1984 ..... 11,299 11,804 393 443 50.3 

1985 ..... 13,133 13,638 463 512 51.7 

1986 ..... 16,272 16,352 577 614 56.7 

mT scsee 22,950 22,950 862 862 62.4 

1988 ..... 23,685 23,433 903 880 54.0 

1989 ..... 33,819 32,441 NA 1,218 61.7 

36,990 34,090 NA 1,280 51.7 

China 1990 ..... 5,078 4,183 NA 8,586 40.0 
(yuan) 


See explanatory information and SOURCES at end of table. 
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Table A-17. R&D in selected Asian countries and the United States, 


by source of funds: 1975-90 


Page 8 of 8 
United Total 
States Asian countries 
Industry Industry 
Constant percentage Constant percentage 
Year 1987 of total 1987 of total 
dollars R&D $PPPs “” R&D 
32,161 44.9 11,796 59.0 
aa 33,851 45.3 12,499 59.2 
a ¢+¢a% 35,133 45.9 13,244 59.8 
- Sa 37,237 46.6 14,022 57.8 
1979 ..... 39,789 47.5 15,641 58.9 
ee 43,107 49.4 18,069 62.3 
1981 ..... 45,580 50.0 20,579 63.7 
Se 48,582 50.9 22,727 64.6 
re 51,917 50.8 25,641 66.4 
1984 ..... 57,336 51.6 28,767 67.2 
1966 ..... 61,436 50.9 33,090 68.9 
eae 62,996 51.1 34,263 68.5 
a 62,642 50.0 37,149 68.4 
1988 ..... 64,654 50.2 41,374 70.0 
ar 66,510 51.2 46,601 72.0 
66,890 51.7 59,238 66.9 


“) $PPPs = Purchasing power parity dollars 


NOTES: 
KEY: 


SOURCES: 


Human Resources for Science and Technology: The Asian Region 


Chinese data include public enterprises; Taiwan data include public industry. 
NA = Not available 


China: Government of the People's Republic of China, State Science and Technology 
Commission, Division of Statistics, Department of Planning); India: Government of India, 
Department of Science and Technology, n.d., Research and Development Statistics, 1990-91 
(New Delhi); Japan: Organization for Economic Cooperation and Development, 1992, Main 
Science and Technology Indicators (Paris); Singapore: Government of Singapore, National 
Science and Technology Board, 1990, National Survey of R&D Expenditures and Manpower, 
and Government of Singapore, Science Council of Singapore, 1982-88, National Survey of 
R&D Expenditures and Manpower, South Korea: Government of the Republic of Korea, Ministry 
of Science and Technology, 1990, 1989 Report on the Survey of Research and Development in 
Science and Technology (Seoul); Taiwan: Government of the Republic of China, National 
Science Council, 1987, Science and Technology Databook, (Taipei); United States: National 
Science Foundation, 1992, National Patterns of R&D Resources: 1992, NSF 92-330 
(Washington, DC) 
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Table A-18. R&D in selected Asian countries and the United States, 
by performer: 1975-90 
Page 1 of 14 
R&D in millions of currency units Government 
Country institutes 
(unit of Year percentage 
currency) Current Constant Current Constant of total 
year units 1987 units | $PPPs‘’ | 1987 $PPPs‘” R&D 
Government institutes 

1975 2,882 7,297 788 1,375 80.8 

ES 2,939 7,104 796 1,339 78.6 

3,349 7,664 908 1,444 77.8 

ar 3,975 8,860 1,124 1,670 75.2 

1979 ..... 4,730 9,050 1,254 1,705 74.1 

a s+ cons 5,534 9,498 1,399 1,790 72.8 

6,861 10,680 1,683 2,013 72.9 

india re 8,866 12,845 2,136 2,421 73.5 
(rupee) 2a 10,116 13,511 2,306 2,546 73.2 
Pe vee 13,772 17,113 2,940 3,225 77.3 

16,182 18,734 3,285 3,530 78.2 

a 19,081 20,715 3,723 3,904 78.3 

ee 22,543 22,543 4,248 4,248 79.0 

1988 ..... 25,875 23,907 4,712 4,505 77.3 

1989 ..... 28,223 24,267 NA 4,573 75.8 

Ee 32,161 24,828 NA 4,679 76.8 

er 364,005 510,010 1,302 2,433 13.3 

arr 402,537 526,155 1,420 2,510 13.2 

rr 440,690 541,114 1,559 2,581 13.1 

a 502,956 59° *25 1,818 2,830 13.5 

a os ees 565,787 647,618 2,169 3,089 13.4 

es éae. 618,377 681,628 2,473 3,252 12.8 

661,397 706,746 2,793 3,372 12.0 

Japan 673,082 705,839 2,975 3,367 11.2 
(yen) 1963 ..... 691,358 719,780 3,116 3,434 10.4 
1984 ..... 725,685 746,314 3,312 3,560 9.9 

er 810,759 821,299 3,742 3,918 9.8 

a 840,223 836,918 3,892 3,993 9.8 

ae 943,178 943,178 4,499 4,499 10.3 

ne seces 935,256 929,749 4,592 4,435 9.4 

re 953,755 933,482 4,773 4,453 8.6 

Fa 976,867 932,673 4,994 4,449 8.0 


See explanatory information and SOURCES at end of table. 


108 


National Science Foundation 


Table A-18. R&D in selected Asian countries and the United States, 
by performer: 1975-90 
Page 2 of 14 
R&D in millions of currency units Government 
Country institutes 
(unit of Year percentage 
currency) Current Constant Current Constant of total 
year units 1987 units | $PPPs" 1987 $PPPs“” R&D 
Government institutes 
ee NA NA NA NA NA 
ae NA NA NA NA NA 
GE 44's NA NA NA NA NA 
ae 4 5 3 3 9.0 
a 6 7 4 4 10.7 
12.9 
a a 10 5 5 
le 13 13 8 7 15.4 
Singapore eae 18 18 13 10 16.2 
(dollar) a ee 26 26 16 14 16.9 
re 38 37 21 20 17.7 
16.5 
a esas 43 42 24 23 
1986 ..... 48 48 27 27 15.4 
54 54 30 30 14.3 
1908 ..... 74 71 41 40 17.3 
1989 . 103 96 57 54 20.7 
1990 . 143 131 79 73 25.0 
a NA NA NA NA NA 
re 20,457 65,623 81 127 33.6 
ae 25,753 70,871 94 137 23.8 
ar 35,444 79,637 115 154 23.3 
see 47,552 89,160 138 173 27.3 
rr theens 47,653 71,986 114 139 22.5 
South Se 42,309 54,683 93 106 14.4 
Korea ae 55,031 66,524 120 129 12.0 
(won) 1983 ..... 50,554 58,268 106 113 8.1 
re 6wes 49,430 54,779 100 106 5. 
ee 48,845 52,020 96 101 42 
Se 59,550 61,693 116 120 3.9 
1987 ..... 68,863 68,863 133 133 3.7 
arr 90,586 85,527 175 166 3.9 
ae 104,279 94,037 NA 182 3.9 
ee 118,788 96,351 NA 187 3.7 
See explanatory information and SOURCES at end of table. 
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Table A-18. R&D in selected Asian countries and the United States, 
by performer: 1975-90 


Page 3 of 14 
Country R&D in millions of currency units Government 
(unit of Year institutes 
currency) percentage 

Current Constant Current Constant of total 

year units 1987 units $PPPs"’ 1987 $PPPs"’ R&D 

Government institutes 

Se NA NA NA NA NA 

Se NA NA NA NA NA 

St wsobs NA NA NA NA MA 

ae NA NA NA NA NA 

1979 ..... NA NA NA NA NA 

Se seoes 1,405 1,750 49 66 13.3 

Taiwan ire 1,934 2,150 65 31 11.8 
(new ar 3,667 3,940 126 148 21.7 
Taiwanese Sa 3,119 3,288 107 123 16.2 
dollar) Ps «ees 3,309 3,457 115 130 14.7 
Sr 3,181 3,303 112 124 12.5 

3,236 3,252 115 122 11.3 

3,749 3,749 141 141 10.2 

ae 7,530 7,450 287 280 17.2 

re 4,591 4,404 NA 165 8.4 

=r 12,163 11,209 NA 421 17.0 

China 1990 ..... 5,979 4,926 NA 10,110 47.1 

(yuan) 


See explanatory information and SOURCES at end of table. 
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Table A-18. R&D in selected Asian countries and the United States, 


by performer: 1975-90 


Page 4 of 14 
United Total 
States Asian countries 
Government Government 
Constant institutes Constant institutes 
1987 percentage 1987 percentage 
Year dollars of total R&D $PPPs “’ of total R&D 
a den i ost 11,253 15.2 3,808 19.0 
de cacti cat 11,263 14.8 3,976 18.8 
eink icin 10,856 14.1 4,163 18.8 
aera 11,432 14.1 4,656 19.2 
a 11,458 13.5 4,972 18.8 
er 10,813 12.2 2,252 18.1 
ds tse ea we 10,836 11.7 5,578 17.3 
Ee 10,941 11.4 6,075 17.2 
12,160 11.9 6,231 16.1 
A 12,737 11.4 7,042 16.4 
ae 13,725 11.4 7,697 16.0 
A 13,936 11.3 8,164 16.3 
ee 13,413 10.7 9,052 16.6 
Sc ceehanea 13,781 10.7 9,426 15.9 
es. oss 6 es 13,971 10.7 9,428 14.6 
ee 14,203 10.9 19,919 21.8 
See explanatory information and SOURCES at the end of table. 
Human Resources for Science and Technology: The Asian Region 111 


Table A-18. R&D in selected Asian countries and the United States, 
by performer: 1975-90 
Page 5 of 14 
R&D in millions of currency units industriel 
Country research 
(unit of Year percentage 
currency) Current Constant Current Constant of total 
year units | 1987 units | $PPPs” | 1987 $PPPs“” R&D 
Industrial research 

oa 686 1,737 188 327 19.2 

1976 ..... 802 1,939 217 365 21.4 

1977 ..... 957 2,190 259 413 22.2 

ae 1,311 2,922 371 551 24.8 

 , ae 1,655 3,167 439 597 25.9 

1980 ..... 2,071 3,554 524 670 27.2 

1981 ..... 2,546 3,963 625 747 27.1 

India 1982 ..... 3,195 4,629 770 872 26.5 
(rupee) ae 3,695 4,935 842 930 26.8 
1984 ..... 4,044 5,025 863 947 22.7 

1985 ..... 4,505 5,216 914 983 21.8 

1986 ..... 5,273 5,724 1,029 1,079 21.7 

5,988 5,988 1,128 1,128 21.0 

1988 ..... 7,490 6,920 1,364 1,304 22.4 

1989 ..... 8,909 7,660 NA 1,444 23.9 

1990 ..... 9,568 7,386 NA 1,392 22.9 

ae 1,684,847 2,360,650 6,026 11,263 61.6 

ae 1,882,231 2,460,258 6,637 11,738 61.6 

Sn 2,109,500 2,590,210 7,462 12,358 62.8 

Saree 2,291,002 2,701,729 8,280 12,890 61.5 

are 2,664,913 3,050,347 10,214 14,553 63.2 

1980 ..... 3,142,256 3,463,662 12,569 16,525 65.1 

1981 ..... 3,629,793 3,878,671 15,329 18,505 66.0 

Japan aver 4,039,018 4,235,533 17,856 20,208 67.2 
(yen) 1983 ..... 4,560,127 4,747,594 20,550 22,651 68.9 
1984 ..... 5,136,634 5,282,650 23,444 25,203 70.3 

1985 ..... 5,939,947 6,017,166 27,411 28,708 71.8 

1986 ..... 6,120,163 6,096,092 28,347 29,084 71.5 

6,494,268 6,494,268 30,984 30,984 70.9 

1988 ..... 7,219,318 7,176,810 35,458 34,241 72.7 

1989 ..... 8,233,820 8,058,802 41,210 38,448 74.3 

1990 ..... 9,267,166 8,847,916 47,378 42,213 75.5 


See explanatory information and SOURCES at end of table. 
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Table A-18. R&D in selected Asian countries and the United States, 
by performer: 1975-90 
Page 6 of 14 
R&D in millions of currency units mduslries 
Country research 
(unit of Year reg 
currency) Current Constant Current Constant of total 
year units 1987 units | $PPPs “’ 1987 $PPPs “ R&D 
Industrial research 

re NA NA NA NA NA 
1976 ..... NA NA NA NA NA 
NA NA NA NA NA 
1978 ..... 26 34 17 19 56.9 
ae 31 39 20 21 55.5 
ae ..... 36 41 23 23 54.2 
1981 ..... 43 45 28 25 53.0 
Singapore a 58 59 41 33 51.9 
(dollar) 1083... 79 77 49 43 50.8 
1984 ..... 107 104 59 58 49.8 
1985 ..... 137 135 79 75 53.1 
1986 ..... 176 177 98 98 56.6 
ae 226 226 126 126 60.3 
1988 ..... 251 241 140 134 58.2 
1989 ..... 279 261 155 145 56.2 
310 285 172 158 54.2 
NA NA NA NA NA 
1976 ..... 15,141 48,570 60 94 24.9 
SP 41,714 114,794 151 222 38.5 
ae 53,802 120,884 174 234 35.3 
1979 ..... 59,294 111,176 172 215 34.1 
1980 ..... 81,351 122,892 195 238 38.4 
South 1981 ..... 120,654 155,942 265 302 41.2 
Korea 1982 ..... 205,654 248,606 447 482 44.9 
(won) 1983 ..... 375,810 433,158 784 839 60.4 
1984 ..... 538,295 596,550 1,094 1,156 64.6 
1006 ..... 751,025 799,842 1,471 1,550 65.0 
1986 ..... 1,021,653 1,058,425 1,982 2,051 67.1 
1987 ..... 1,224,377 1,224,377 2,372 2,372 65.2 
1988 ..... 1,633,264 1,542,04< 3,154 2,988 69.6 
1989 ..... 1,998,225 1,801,956 NA 3,491 73.9 
1990 ..... 2,375,760 1,927,025 NA 3,733 74.0 

See explanatory information and SOURCES at end of table. 
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Table A-18. R&D in selected Asian countries and the United States, 
by performer: 1975-90 
Page 7 of 14 
R&D in millions of currency units industriel 
Country research 
(unit of Year percentage 

currency) Current Constant Current Constant of total 

year units | 1987 units | $PPPs” | 1987 $PPPs” R&D 

industrial research 

1975 ..... NA NA NA NA NA 

i's 6 6 a NA NA NA NA NA 

NA NA NA NA NA 

ae NA NA NA NA NA 

1979 ..... NA NA NA NA NA 

1980 ..... 5,771 7,188 201 270 54.6 

Taiwan are 9,209 10,238 309 384 56.1 
(new 1982 ..... 8,057 8,657 277 325 47.8 
Taiwanese 1983 . 9,553 10,071 328 378 49.8 
dollar) 1984 ..... 10,970 11,460 382 430 48.9 

1985 ..... 12,715 13,204 449 496 50.1 

1986 ..... 15,921 15,999 565 601 55.5 

1987 ..... 21,763 21,763 817 817 59.2 

1988 ..... 20,948 20,725 799 778 47.8 

1989 ..... 30,695 29,444 NA 1,106 56.0 

rrr 37,491 34,551 NA 1,298 52.4 

China 1990 ..... 3,440 2,834 NA 5,817 27.1 

(yuan) 


See explanatory information and SOURCES at end of table. 
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Table A-18. R&D in selected Asian countries and the United States, 
by performer: 1975-90 
Page 8 of 14 
United Total 
States Asian countries 

Industrial Industrial 

Constant research Constant research 

1987 percentage 1987 percentage 

Year dollars of total R&D $PPPs “” of total R&D 
ae 49,171 68.7 11,590 58.0 
Pe 51,649 69.2 12,197 57.7 
Pe 53,383 69.7 12,993 58.7 
A cinegeeede 55,240 69.2 13,694 56.6 
Pe 58,316 69.6 15,387 58.2 
7. en 62,062 71.1 17,726 61.2 
i de ak lar geo 65,699 72.1 19,964 61.9 
ae rere 70,021 73.3 21,920 62.3 
eta ou kick ae 74,883 73.2 24,841 64.4 
aS oe ae 82,153 74.0 27,794 65.0 
ee kak 89,265 74.0 31,811 66.3 
eee 90,614 73.5 32,913 65.8 
ES ee 92,155 73.5 35,427 65.2 
Tre re 94,260 73.2 39,444 66.8 
errr re 93,944 72.4 44,634 69.0 
Se 92,446 71.4 54,611 59.8 
See explanatory information and SOURCES at end of table. 
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Table A-18. R&D in selected Asian countries and the United States, 
by performer: 1975-90 
Page 9 of 14 
R&D in millions of currency units University 
Country research 
(unit of Year pereerange 
currency) Current Constant | Current Constant of total 
year units | 1987 units | $PPPs“ | 1987 $PPPs"” R&D 
University research 

eee 545,869 764,820 1,952 3,649 19.9 

ree 606,851 793,213 2,140 3,784 19.9 

i ek 657,993 807,936 2,328 3,854 19.6 

EE fina os ad 748,198 882,334 2,704 4,209 20.1 

Ae 817,913 936,210 3,135 4,466 19.4 

1980 ..... 871,048 960,143 3,484 4,580 18.0 

ES a ka 966,083 1,032,323 4,079 4,925 17.5 

Japan ree 1,026,596 1,076,544 4,538 5,136 17.1 
(yen) 1983 ..... 1,090,050 1,134,862 4,913 5,414 16.5 
1984 ..... 1,132,677 1,164,875 5,169 5,557 15.5 

1985 ..... 1,174,198 1,189,463 5,419 5,674 14.2 

1986 ..... 1,202,395 1,197,666 5,570 5,714 14.0 

re 1,283,375 1,283,375 6,122 6,122 14.0 

1988 ..... 1,318,360 1,310,597 6,474 6,252 13.3 

a 1,389,312 1,359,781 6,953 6,487 12.5 

1,499,906 1,432,050 7,668 6,832 12.2 

a NA NA NA NA NA 

1976 ..... NA NA NA NA NA 

NA NA NA NA NA 

1978 ..... 8 11 5 6 17.9 

ae vsike 12 15 8 8 21.3 

1980 ..... 17 19 11 11 25.3 

ae 24 26 16 14 30.0 

Singapore ae 35 35 25 19 30.8 
(dollar) 1983 ..... 49 48 31 27 31.6 
1984 ..... 70 68 38 38 32.5 

1985 ..... 77 76 44 42 29.9 

1986 ..... 86 86 48 48 27.6 

nt  seese 95 95 53 53 25.5 

1988 ..... 103 99 57 55 23.9 

1989 ..... 111 104 NA 58 22.4 

1990 ..... 120 110 NA 61 21.0 


See explanatory information and SOURCES at end of table. 
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by performer: 1975-90 


Tabie A-18. R&D in selected Asian countries and the United States, 


Page 10 of 14 
R&D in millions of currency units Univeretty 
Country research 
(unit of Year percentage 
currency) Current Constant Current Constant of total 
year units 1987 units $PPPs” | 1987 $PPPs“ R&D 
University research 
976 ..... NA NA NA NA NA 
1976 ..... 1,978 6,345 8 12 3.2 
5,482 15,086 20 29 5.1 
1978 ..... 20,543 46,157 66 89 13.5 
1979 ..... 16,536 31,005 48 60 9.5 
1980 ..... 25,902 39,129 62 76 12.2 
South 1981 ..... 27,168 35,114 60 68 9.3 
Korea re 66,610 80,522 145 156 14.6 
(won) 1963 ..... 64,251 74,056 134 143 10.3 
1984 ..... 87,052 96,473 177 187 10.4 
1985 ..... 118,802 126,524 233 245 10.3 
1986 ..... 164,286 170,199 319 330 10.8 
1987 ..... 198,067 198,067 384 384 10.5 
1988 ..... 232,827 219,823 450 426 9.9 
1989 ..... 229,212 206,698 NA 400 8.5 
1990 ..... 243,994 197,911 NA 383 7.6 
7S ..... NA NA NA NA NA 
a NA NA NA NA NA 
en 2h 0a NA NA NA NA NA 
1978 ..... NA NA NA NA NA 
ee NA NA NA NA NA 
1980 ..... 2,280 2,840 79 107 21.6 
Taiwan 1981 ..... 2,676 2,975 90 112 16.3 
(new re 3,147 3,382 108 127 18.7 
Taiwanese 1963 ..... 3,842 4,050 132 152 20.0 
dollar) 1984 ..... 4,149 4,334 144 163 18.5 
19665 ..... 4,282 4,447 151 167 16.9 
1986 ..... 4,424 4,446 157 167 15.4 
a, «sees 5,173 5,173 194 194 14.1 
1988 ..... 7,265 7,188 277 270 16.6 
1989 ..... 8,267 7,930 NA 298 15.1 
1990 ..... 9,444 8,704 NA 327 13.2 
China ee 1,193 983 NA 2,018 9.4 
(yuan) 


See explanatory information and SOURCES at end of table. 
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Table A-18. R&D in selected Asian countries and the United States, 
by performer: 1975-90 
Page 11 of 14 
Total 
Asian countries 
University University 
Constant research Constant research 

1987 percentage 1987 percentage 

Year dollars of total R&D $PPPs of total R&D 
7 _ 10,392 12.5 3,649 18.2 
=e 10,683 12.5 3,796 18.0 
re ep 10,889 12.7 3,884 17.5 
EE ee es eo en at oe 11,453 13.2 4,305 17.8 
CY tik en dt Dib 6-00 11,743 13.3 4,535 17.1 
ee ae 12,173 13.3 4,733 16.4 
a 12,595 13.0 5,119 15.9 
Dt tikeaiandawa 12,240 12.2 5,438 15.4 
ee ee 12,822 11.9 5,736 14.8 
ee bs a ke 13,581 11.6 5,944 13.9 
a ee 14,729 11.6 6,129 12.8 
I ree 16,151 12.4 6,258 12.5 
i ee eee he’ Be 17,321 13.1 6,753 12.4 
Paar ae 18,603 13.5 7,003 11.9 
er 19,129 14.0 7,243 11.8 
ee 20,003 14.5 9,621 10.5 


See explanatory information and SOURCES at end of table. 
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Table A-18. R&D in selected Asian countries and the United States, 
by performer: 1975-90 


Page 12 of 14 
R&D in millions of currency units Nonprort 
research 
Country Ma 
; institutes 
(unit of Year percentage 
currency) Current Constant Current Constant of total 
year units 1987 units | $PPPs" | 1987 $PPPs“ R&D 
Nonprofit research institutes 

er 142,279 199,348 509 951 5.2 
1976 ..... 126,850 165,805 447 791 5.3 
Se 113,094 138,866 400 662 4.5 
1978 ..... 100,830 118,907 364 567 4.9 
1979 ..... 94,601 108,283 363 517 4.0 
1980 ..... 145,541 160,428 582 765 4.0 
1981 ..... 245,520 262,354 1,037 1,252 45 
Japan 1982 ..... 276,178 289,615 1,221 1,382 4.6 
(yen) 1983 ..... 279,649 291,145 1,260 1,389 4.2 
1984 ..... 307,422 316,161 1,403 1,508 4.2 
1985 ..... 349,812 354,360 1,614 1,690 4.2 
1986 ..... 400,006 398,433 1,853 1,901 4.7 
1987 ..... 441,269 441,269 2,105 2,105 4.8 
1988 ..... 458,925 456,223 2,253 2,176 4.6 
1989 ..... 498,394 487,800 2,494 2,327 4.5 
540,374 515,927 2,763 2,461 4.4 
a NA NA NA NA NA 
1976 ..... 23,322 74,813 93 145 38.3 
1977 ..... 35,334 97,237 128 188 32.6 
re 42,626 95,774 138 186 28.0 
1979 ..... 50,655 94,978 147 184 29.1 
1980 ..... 56,818 85,831 136 166 26.8 
South 1981 ..... 103,000 133,125 226 258 35.1 
Korea 1982 ..... 131,045 158,414 285 307 28.6 
(won) 1983 ..... 130,002 149,840 271 290 20.9 
1984 ..... 154,620 171,353 314 332 18.5 
1985 ..... 231,40! 246,442 453 477 20.0 
1986 ..... 273,689 283,540 531 549 18.0 
1987 ..... 386,658 386,658 749 749 20.6 
1988 ..... 390,738 368,915 755 715 16.6 
1989 ..... 373,360 336,688 NA 652 13.8 
1990 ..... 475,152 385,405 NA 747 14.8 


See explanatory information and SOURCES at end of table. 
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Table A-18. R&D in selected Asian countries and the United States, 
by performer: 1975-90 


Page 13 of 14 

R&D in millions of currency units Nanprem 

Country research 

(unit of _— institutes 
percenta 

currency) Current Constant Current Constant of a 
year units 1987 units | $PPPs“’ | 1987 $PPPs“’ R&D 
Nonprofit research institutes 

ae NA NA NA NA NA 

re NA NA NA NA NA 

Sr NA NA NA NA NA 

a NA NA NA NA NA 

ae os NA NA NA NA NA 

ae 1,106 1,378 38 52 10.5 

Taiwan eee 2,594 2,884 87 108 15.8 
(new eee 1,992 2,140 68 80 11.8 
Taiwanese srr 2,685 2,831 92 100 14.0 
dollar) 1984 ..... 4,016 4,196 140 158 17.9 
ks 6.04 5,219 5,420 184 204 20.5 

1986 ..... 5,121 5,146 182 193 17.8 

ae 6,094 6,094 229 229 16.6 

19868 ..... 8,037 7,952 307 299 18.3 

1989 ..... 11,236 10,778 NA 405 20.5 

12,449 11,473 NA 431 17.4 

China Se eevee 2,082 1,745 NA 3,520 16.4 

(yuan) 


See explanatory information and SOURCES at end of the table. 
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Table A-18. R&D in selected Asian countries and the United States, 


by performer: 1975-90 


Page 14 of 14 
United Total 
States Asian countries 

Nonprofit Nonprofit 

Constant research Constant research 

1987 institutes 1987 institutes 

Year dollars percentage dollars percentage 
of total R&D of total R&D 

ee 2,074 3.6 951 48 
TE 2,239 3.5 936 4.4 
eters 2,499 3.5 851 3.8 
 Eeaaapeeses 2,882 3.5 753 3.1 
ae 2,989 3.6 701 2.6 
ed re 3,182 3.4 983 3.4 
a + sevens 3,197 3.2 1,618 5.0 
ar 2,967 3.0 1,769 5.0 
ar 3,145 3.0 1,786 4.6 
a -ecaes 3,467 3.0 1,998 4.7 
+ dees 3,735 3.0 2,371 4.9 
a 4,011 2.8 2,643 5.3 
ar 4,206 2.7 3,083 5.7 
4,372 2.7 3,190 5.4 
ar 4,369 2.9 3,384 5.2 
Ee 4,288 3.2 7,159 7.8 


 $PPP = Purchasing power parity dollars 


NOTES: 


KEY: 


SOURCES: 


India does not report university research or nonprofit research institutes. Singapore does not 
report nonprofit research institutes. Japanese data are adjusted for full-time equivalents. 


NA = Not available 


China: Government of the People's Republic of China, State Science and Technology 
Commission, Division of Statistics, Department of Planning; India: Government of India, 
Department of Science and Technology, n.d., Research and Development Statistics, 1990-91 
(New Delhi); Japan: Organization for Economic Cooperation and Development, 1992, Main 
Science and Technology Indicators (Paris); Singapore: Government of Singapore, National 
Science and Technology Board, 1990, National Survey of R&D Expenditures and Manpower, 
and Government of Singapore, Science Council of Singapore, 1982-88, National Survey of 
R&D Expenditures and Manpower, South Korea: Government of the Republic of Korea, 
Ministry of Science and Technology, 1990, 1989 Report on the Survey of Research and 
Development in Science and Technology (Seoul); Taiwan: Government of the Republic of 
China, National Science Council, 1987, Science and Technology Databook, (Taipei); United 
States: National Science Foundation, 1992, National Patterns of R&D Resources: 1992, NSF 
92-330 (Washington, DC) 
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Table A- Scientists and engineers in R&D in selected Asian countries 
and the Urmed States and as a percentage of the labor force: 1975-90 
{In thousands] 
Page 1 of 2 
South United 
Year China india Japan Singapore Korea Taiwan Total States 
1975 .. NA NA 253.6 NA 10.3 NA 263.9 527.4 
1976 .. NA 54.1 263.2 NA 11.7 NA 329.0 535.2 
1977 .. NA 55.3 264.8 NA 12.8 NA 332.9 560.6 
1978 .. NA 56.5 272.8 0.8 14.7 NA 344.8 587.6 
1979 .. NA 60.6 291.2 g 15.7 NA 368.4 614.5 
1980 .. NA 64.9 303.2 1.0 18.4 6.2 393.7 651.1 
1981 .. NA 68.2 310.9 1.2 20.7 9.4 410.4 683.2 
1982 .. NA 716 321.0 1.4 28.4 10.4 432.8 7118 
1983 .. NA 74.7 347.4 1.7 32.1 12.1 468.0 751.6 
1984 .. NA 78.0 357.4 2.4 37.1 17.6 492.5 797.6 
1985 .. NA 81.6 380.8 2.7 41.4 20.1 526.5 841.6 
1986 .. NA 85.3 393.0 3.0 47.0 215 549.8 882.3 
1987 .. NA 90.9 4156 3.4 52.8 23.5 586.2 910.2 
1988 .. NA 96.9 434.6 3.3 56.5 25.6 617.0 927.3 
1989 .. NA 96.9 4575 3.3 60.0 28.3 646.0 949.3 
1990 .. 391.1 106.0 477.9 43 68.8 32.1 1,080.2 NA 
Total labor force 

1975 .. | 481,759 243,480 55,678 909 13,054 5,656 800,536 95,453 
1976 .. | 494,819 247,848 55,962 951 13,389 5,772 818,741 97,826 
1977 .. | 507,879 252,217 56,246 992 13,724 6,087 837,145 100,665 
1978 .. | 520,939 256,584 56,529 1,034 14,059 6,333 855,478 103,882 
1979 .. | 533,999 260,952 56,813 1,075 14,394 6,507 873,740 106,559 
1980 .. | 547,059 265,320 57,097 1,116 14,729 6,629 891,950 108,544 
1981 .. | 561,229 270,895 57,632 1,138 15,141 6,764 912,799 110,315 
1982 .. | 575,398 276,469 58,167 1,160 15,553 6,960 933,707 111,872 
1983 .. | 589,567 282,044 58,702 1,182 15,965 7,266 954,726 113,226 
1984 .. | 603,736 287,618 59,237 1,204 16,377 7,491 975,663 115,241 
1985 .. | 617,905 293,193 59,772 1,226 16,789 7,651 996,536 117,167 
1986 .. | 630,304 299,143 60,258 1,240 17,164 7,945 1,016,054 119,540 
1987 . 642,703 305,093 60,744 1,255 17,539 8,183 1,035,517 121,602 
1988 .. | 655,102 311,044 61,230 1,269 17,914 8,250 1,054,809 123,378 
1989 .. | 667,501 316,994 61,716 1,283 18,289 8,400 1,074,183 125,557 
1990 .. | 697,300 316,994 63,840 1,412 18,487 8,420 1,106,453 NA 


See explanatory information and SOURCES at end of tabie. 
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Table A-19. Scientists and engineers in R&D in selected Asian countries 
and the United States and as a percentage of the labor force: 1975-90 


[in thousands] 
Page 2 of 2 
South United 
Year China India Japan Singapore Korea Taiwan Total States 
Scientists and engineers in research and development 
per 10,000 of the labor force 
1975 .. NA NA 45.55 NA 7.89 NA 3.30 55.25 
1976 .. NA 2.18 47.03 NA 8.74 NA 4.02 54.71 
1977 .. NA 2.19 47.08 NA 9.33 NA 3.98 55.69 
1978 .. NA 2.20 48.26 7.74 10.46 NA 4.03 56.56 
1979 .. NA 2.32 51.26 8.52 10.91 NA 422 57.67 
1980 .. NA 2.45 53.10 9.39 12.49 9.36 4.41 59.98 
1981 .. NA 2.52 53.96 10.54 13.67 13.96 450 61.93 
1982 .. NA 2.59 55.19 12.30 18.26 14.97 4.64 63.63 
1983 .. NA 2.65 59.11 14.36 20.11 16.59 4.90 66.38 
1984 .. NA 2.71 60.27 19.93 22.65 23.47 5.05 69.21 
1985 .. NA 2.78 63.74 21.99 24.66 26.24 5.28 71.83 
1986 .. NA 2.85 65.22 24.41 27.38 27.01 5.41 73.81 
1987 .. NA 2.98 68.48 27.09 30.10 28.77 5.66 74.85 
1988 .. NA 3.12 71.04 26.40 31.54 31.04 5.85 75.16 
1989 .. NA 3.06 74.21 25.72 32.81 33.63 6.01 75.61 
1990 . 5.61 3.34 74.21 30.45 37.22 38.12 9.76 NA 
KEY: NA = Not available 
SOURCE: Labor Force: Japan: Organisation for Economic Co-operation and Development, 1992, Main 


Science and Technology Indicators (Paris) uses adjusted data for Japan; other Asian countries: 
World Bank, 1991, Indicators of Social Development, (Washington, DC); United States: U.S. 
Department of Labor, Bureau of Labor Statistics, 1990, Employment & Earnings (Washington, 
DC) 


Scientists and Engineers in R&D: China: Government of the People's Republic of China, State 
Science and Technology Commission, Division of Statistics, Department of Planning; India: 
Government of India, Department of Science and Technology, n.d., Research and Development 
Statistics, 1990-91 (New Delhi); Japan: Organization for Economic Cooperation and 
Development, 1992, Main Science and Technology Indicators (Paris); Singapore: Government of 
Singapore, National Science and Technology Board, 1990, National Survey of R&D Expenditures 
and Manpower, and Government of Singapore, Science Council of Singapore, 1982-88, National 
Survey of R&D Expenditures and Manpower, South Korea: Government of the Republic of 
Korea, Ministry of Science and Technology, 1990, 1989 Report on the Survey of Research and 
Development in Science and Technology (Seoul); Taiwan: Government of the Republic of China, 
National Science Council, 1987, Science and Technology Databook, (Taipei); United States: 
National Science Foundation, 1992, National Patterns of R&D Resources: 1992, NSF 92-330 
(Washington, DC) 
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Table A-20. R&D expenditures per research scientist and engineer 
in selected Asian countries and the United States: 1975-90 


Page 1 of 1 
South United 
Year China India Japan Singapore Korea Taiwan States 
es naked NA NA 72,177 NA NA NA 137,004 
See NA 31,496 72,291 NA 32,349 NA 140,256 
ee a <a eae NA 33,576 74,205 NA 45,104 NA 136,921 
err NA 39,278 76,718 42,089 45,134 NA 136,534 
ee NA 38,019 79,190 42,207 40,268 NA 136,884 
ae NA 37,914 83,623 40,047 33,677 79,631 134,643 
or NA 40,489 90,207 39,682 35,459 72,558 133,858 
A 2k te NA 45,993 93,751 44,290 37,743 65,314 134,292 
a os ae NA 46,504 94,665 49, 562 43,251 63,066 136,123 
Ps seens NA 53,457 100,248 48,136 48,259 50,071 139,339 
eS 66 6s NA 55,315 195,031 52,253 57,571 49.338 143,327 
Se NA 58,403 103,548 57,488 65,051 50,480 139,711 
are NA 59,126 105,191 61,225 68,908 58.671 137,720 
a ae NA 60,127 108,378 68,622 75,997 63,596 138,950 
0 ee NA 62,280 113,039 78,216 78,767 69,864 136,825 
ee 54,884 57,456 117,068 67,855 73,297 77,032 NA 
SOURCE: Computed, tables A-16 and A-19 
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Table A-21. U.S. patents granted to inventors from selected Asian countries: 


1975-90 
Page 1 of 1 
South 
Year China India Japan Singapore Korea Taiwan 
1 13 6,350 1 11 23 
6 17 6,539 3 7 28 
a 1 13 6,217 3 5 52 
re ..... 0 14 6,910 2 12 29 
1979 ..... 2 14 5,250 0 4 38 
1980 ..... 1 4 7,124 3 8 65 
1981 ..... 3 6 8,387 4 15 80 
IP 0 4 8,149 3 14 88 
a3 ..... 1 14 8,792 5 26 65 
1984 ..... 2 12 11,109 4 29 98 
1906 ...... 1 10 12,743 9 38 174 
1986 ..... FS) 18 13,198 3 45 208 
1987 ..... 23 12 16,539 11 84 343 
1988 ..... 47 14 16,137 6 95 457 
1989 ..... 52 14 20,100 18 157 592 
 _ 46 24 19,444 12 224 731 


SOURCE: U.S. Department of Commerce, Patent and Trademark Office, 1991, Patenting Trends in the 
United States: United States Country Report 1963-90 (Washington, DC) 
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and the United States: 1975-90 


Table A-22. Gross domestic product in selected Asian countries 


Page 1 of 4 
Country Constant 
(number of Deflator Current 1987 
currency Current 1987 = Constant $PPPs” $PPPs® 
units) Year year units 100 PPP “) 1987 units (millions) (millions) 
1975 ... NA NA NA NA NA NA 
1976 ... NA NA NA NA NA NA 
1977 ... NA NA NA NA NA NA 
1978 ... 358,810 0.4429 0.4991 810,193 718,860 1,662,924 
1979 ... 399,810 .4765 .4768 839,006 838,593 1,722,064 
China 1980 ... 446,900 5137 .4513 869,914 990,146 1,785,502 
(millions of | 1981 ... 477,510 .5368 .4206 889,618 1,135,243 1,825,945 
yuan) 1982 ... 518,230 .5837 .4041 887,833 1,282,331 1,822,280 
1983 ... 578,700 .6439 .4003 898,696 1,445,530 1,844,578 
1984 ... 692,820 .7378 .4153 939,008 1,668,320 1,927,318 
1985 ... 852,740 .8317 .4361 1,025,286 1,955,178 2,104,403 
1986 ... 968, 760 .9008 .4665 1,075,447 2,076,655 2,207,360 
1987 ... 1,130,710 1.0000 .4872 1,130,710 2,320,787 2,320,787 
1988 ... 1,402,420 1.1098 5174 1,263,633 2,710,734 2,593,612 
1989 ... 1,592,060 1.1537 NA 1,379,989 NA 2,832,433 
1990 ... 1,767,110 1.2139 NA 1,455,722 NA 2,987,875 
1975 ... 787,610 0.3950 3.6559 1,994,089 215,436 375,775 
1976 ... 848,910 .4137 3.6936 2,052,030 229,833 386,694 
1977 ... 950,670 .4370 3.6889 2,175,449 257,708 409,952 
1978 ... 1,041,900 .4487 3.5360 2,322,286 294,658 437,622 
1979 1,143,560 5226 3.7715 2,188,061 303,212 412,328 
India 1980 ... 1,360,130 .5827 3.9560 2,334,322 343,817 439,890 
(millions of | 1981 1,597,600 .6424 4.0761 2,486,845 391,944 468,633 
rupees) 1982 1,781,320 .6902 4.1516 2,580,862 429,069 486,349 
1983 2,075,890 .7487 4.3867 2,772,549 473,221 522,472 
1984 2,313,870 .8048 4.6847 2,875,147 493,924 541,806 
1985 ... 2,619,200 .8638 4.9266 3,032,304 531,643 571,421 
1986 ... 2,919,740 9211 5.1250 3,169,741 569,702 597,321 
1987 ... 3,326, 160 1.0000 5.3066 3,326,160 626,797 626,797 
1988 ... 3,949,920 1.0823 5.4911 3,649,433 719,328 687,716 
1989 ... 4,506,010 1.1630 NA 3,874,330 NA 730,096 
1990 ... 5,295,370 1.2953 NA 4,088,003 NA 770,362 


See explanatory information and SOURCES at end of table. 
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and the United States: 1975-90 


Table A-22. Gross domestic product in selected Asian countries 


Page 2 of 4 
Country Constant 
(number of Defiator Current 1987 
currency Current 1987 = Constant $PPPs”  $PPPs ® 
units) Year year units 100 Ppp “ 1987 units (millions) (millions) 
1975 148,328 0.7137 279.6000 207,823 530,501 991,523 
1976 ... 166,573 .7651 283.6000 217,727 587,352 1,038,774 
1977 ... 185,622 8144 282.7000 227,921 656,604 1,087,411 
1978 204,405 .8480 276.7000 241,050 738,724 1,150,049 
1979 221,546 £8736 260.9000 253,589 849,161 1,209,870 
Japan 1980 240,177 .9072 250.0000 264,744 960,708 1,263,089 
(billions of | 1981 257,364 .9358 236.8000 275,010 1,086,841 1,312,072 
yen) 1982 269,628 .9536 226.2000 282,747 1,191,989 1,348,982 
1983 280,256 .9605 221.9000 291,777 1,262,983 1,392,067 
1984 297 ,948 .9724 219.1000 306,418 1,359,872 1,461,916 
1985 316,303 .9872 216.7000 320,415 1,459,635 1,528,697 
1986 330,025 1.0039 215.9000 328,727 1,528,601 1,568,354 
1987 343,238 1.0000 209.6000 343,238 1,637,586 1,637,586 
1988 364,385 1.0059 203.6000 362,239 1,789,710 1,728,242 
1989 386,840 1.0217 199.8000 378,617 1,936,136 1,806,380 
1990 414,758 1.0474 195.6000 395,994 2,120,440 1,889,285 
1975 13,373 0.7118 1.7925 18,787 7,461 10,437 
1976 14,651 .7261 1.7067 20,179 8,584 11,210 
1977 16,039 .7373 1.6636 21,755 9,641 12,086 
1978 17,830 .7546 1.5670 23,629 11,378 13,127 
1979 20,523 .7953 1.5366 25,805 13,356 14,336 
Singapore | 1980 25,091 £8859 1.5676 28,321 16,006 15,734 
(millions of | 1981 29,339 .9450 1.5247 31,046 19,242 17,248 
Singapore | 1982 32,670 .9847 1.4008 33,177 23,322 18,432 
dollars) 1983 36,733 1.9234 1.5926 35,892 23,065 19,940 
1984 40,048 1.0305 1.8133 38,861 22,086 21,589 
1985 38,924 1.0183 1.7422 38,223 22,342 21,235 
1986 38,654 .9929 1.8000 38,932 21,474 21,629 
1987 42,609 1.0000 1.8000 42,609 23,672 23,672 
1988 49,365 1.0428 1.8000 47,340 27,425 26,300 
1989 55,310 1.0692 1.8000 51,728 30,728 28,738 
1990 63,905 1.0896 1.8000 58,649 35,503 32,583 
See explanatory information and SOURCES at end of table. 
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Table A-22. Gross domestic product in selected Asian countries 


and the United States: 1975-90 


Page 3 of 4 
Country Constant 
(number of Defiator Current 1987 

currency Current 1987 = Constant $PPPs™  $PPPs ® 
units) Year year units 100 Ppp “’ 1987 units (millions) (millions) 
1975 ... 10,224 0.2582 215.7188 39,595 47,395 76,710 

1976 ... 13,996 .3117 251.3412 44,897 55,685 86,982 

1977 ... 18,074 .3634 275.3960 49,739 65,629 96,362 

1978 ... 24,237 .4451 309.0340 54,457 78,428 105,503 

1979 ... 31,323 .5333 344.8500 58,731 90,831 113,783 

South 1980 ... 38,041 .6620 416.8792 57,466 91,252 111,333 
Korea 1981 ... 47,482 7737 455.8815 61,369 104,154 118,895 
(billions of 1982 ... 54,443 .8272 459.6300 65,814 118,450 127,506 
won) 1983 ... 63,833 .8676 479.1032 73,574 133,234 142,540 
1984 ... 72,644 .9023 492.2120 80,506 147,587 155,969 

1985 ... 80,847 .9390 510.4407 86,102 158,387 166,812 

1986 ... 93,426 .9653 515.5601 96,789 181,213 187,516 

1987 ... 108,428 1.0000 516.1627 108,428 210,066 210,066 

1988 ... 127,963 1.0592 517.8076 120,816 247,125 234,066 

1989 ... 143,001 1.1089 NA 128,955 NA 249,834 

1990 ... 172,724 1.2329 NA 140,100 NA 271,426 

ia 589,651 0.6331 26.62 931,374 22,148 34,976 

1976 ... 707,710 .6507 26.41 1,087,594 26,793 40,843 

1977 ... 828,995 5883 26.46 1,409,095 31,335 52,917 

1978 ... 991,602 6197 26.48 1,600,226 37,454 60,094 

1979 ... 1,195,838 .6909 26.76 1,730,805 44,684 64,998 

Taiwan 1980 . 1,491,069 .8029 28.74 1,857,183 54,886 69,744 
(millions of | 1981 ... 1,773,931 8995 29.83 1,972,147 59,476 74,061 

new 1982 ... 1,899,971 9306 29.12 2,041,575 65,256 76,669 

Taiwanese | 1983 ... 2,100,005 .9486 29.11 2,213,906 72,150 83,140 

dollars) 1984 2,343,078 9572 28.73 2,447,821 81,541 91,925 
1965... 2,473,786 .9630 28.34 2,568,882 87,298 96,471 

1986 ... 2,855, 180 .9951 28.19 2,869,170 101,294 107,748 

1987 ... 3,222,993 1.000 26.63 3,222,993 121,035 121,035 

1988 ... 3,496,951 1.0107 26.22 3,459,768 133,395 129,927 

1989 ... 3,878,547 1.0425 NA 3,720,458 NA 139,717 

1990 ... 4,222,004 1.0851 NA 3,890,950 NA 146,119 


See explanatory information and SOURCES at end of table. 
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Table A-22. Gross domestic product in selected Asian countries 


and the United States: 1975-90 


Page 4 of 4 
United States Asia total 
Year Deflator Constant Constant 
1.00 = Current 1987 Current 1987 
1987 dollars dollars dollars dollars 
1975 0.4919 1,584,820 3,221,834 822,940 1,489,422 
1976 5227 #1,767,060 3,380,639 908,248 1,564,503 
1977 5587 1,974,120 3,533,417 1,020,918 1,658,727 
1978 6029 2,232,690 3,703,251 1,879,503 3,429,320 
1979 6555 2,488,630 3,796,537 2,139,836 3,537,380 
1980 7171 2,708,040 3,776,377 2,453,815 3,685,293 
1981 .7886 3,030,600 3,843,013 2,796,901 3,816,854 
1982 8376 3,149,590 3,760,255 3,110,416 3,880,216 
1983 £8716 3,405,050 3,906,666 3,410,184 4,004,737 
1984 9105 3,777,200 4,148,490 3,773,330 4,200,523 
1985 9437 4,038,730 4,279,676 4,214,482 4,489,040 
1986 9692 4,268,640 4,404,292 4,478,939 4,689,926 
1987 1.0000 4,539,930 4,539,930 4,939,942 4,939,942 
1988 1.0385 4,900,380 4,718,710 5,627,717 5,399,862 
1989 1.0842 5,244,030 4,836,774 NA 5,787,198 
1990 1.1287 5,513,740 4,885,036 NA 6,097,651 
“ PPP = Purchasing power parity exchange 
“ $PPPs = Purchasing power parity dollars 
KEY: NA = Not available 
SOURCES: China: Government of the People's Republic of China, 1991, Statistical Yearbook of China 
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(Beijing); India: Government of India, Central Statistical Organization, 1991, National Accounts 
Statistics, 1991 (New Delhi); Japan: Organization for Economic Cooperation and Development, 
1992, Main Science and Technology Indicators (Paris); Singapore and South Korea: International 
Monetary Fund, 1991, /nternational Financial Statistics Yearbook (Washington, DC); Taiwan: 
Government of the Republic of China, National Science Council, 1991, Statistical Yearbook of the 
Republic of China (Taipei); United States: National Science Foundation, 1992, National Patterns 


of R&D Resources: 1992, NSF 92-330 (Washington, DC) 
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Table A-23. Asian doctoral recipients from U.S. universities who plan to stay 
in the United States, by field: 1980, 1990, and 1991 


Page 1 of 3 
Country Total “ Pian to stay ® Firm plan to stay © 
Number Percentage Number Percentage 
Engineering 

1980 
China “ 84 39 46.4 32 38.1 
Taiwan 172 114 66.3 96 55.8 
Japan 27 7 25.9 5 18.5 
S. Korea 41 25 61.0 24 58.5 
India 184 143 77.7 121 65.8 
Total 508 328 64.6 278 54.7 

1990 
China 289 162 56.1 90 31.1 
Taiwan 474 207 43.7 134 28.3 
Japan 17 5 29.4 4 23.5 
S. Korea 359 103 28.7 66 18.4 
India 313 210 67.1 161 51.4 
Total 1,452 687 47.3 455 31.3 

1991 
China 415 341 82.2 167 40.2 
Taiwan 573 293 51.1 162 28.3 
Japan 28 7 25.0 6 21.4 
S. Korea 412 148 35.9 78 18.9 
India 338 271 80.2 190 56.2 
Total 1,766 1,060 60.0 603 34.1 

Natural science 

1980 
China “ 196 118 60.2 99 50.5 
Taiwan 227 141 62.1 118 52.0 
Japan 20 12 60.0 8 40.0 
S. Korea 46 26 56.5 20 43.5 
India 155 105 67.7 80 51.6 
Total 644 402 62.4 325 50.5 


See explanatory information and SOURCE at end of table. 


130 National Science Foundation 


Table A-23. Asian doctoral recipients from U.S. universities who plan to stay 
in the United States, by field: 1980, 1990, and 1991 


Page 2 of 3 
Country Total © Plan to stay @ Firm plan to stay ® 
Number Percentage Number Percentage 
Natural science 

1990 
China 675 423 62.7 323 47.9 
Taiwan 457 221 48.4 153 33.5 
Japan 58 31 53.4 25 43.1 
S. Korea 407 168 41.3 134 32.9 
india 317 220 69.4 180 56.8 
Total 1,914 1,063 55.5 815 42.6 

1991 
China 1,105 924 83.6 611 55.3 
Taiwan 408 246 60.3 151 37.0 
Japan 45 25 55.6 17 37.8 
S. Korea 415 186 448 131 31.6 
India 295 225 76.3 174 59.0 
Total 2,268 1,606 70.8 1,084 47.8 

Social science 

1980 
China “ 10 5 50.0 4 40.0 
Taiwan 24 11 45.8 10 41.7 
Japan 22 6 27.3 6 27.3 
S. Korea 44 13 29.5 10 22.7 
india 30 17 56.7 11 36.7 
Total 130 52 40.0 41 31.5 

1990 
China 53 31 58.5 21 39.6 
Taiwan 78 22 28.2 12 15.4 
Japan 72 24 33.3 19 26.4 
S. Korea 204 36 17.6 26 12.7 
India 75 36 48.0 29 38.7 
Total 482 149 30.9 107 22.2 


See explanatory information and SOURCE at end of table. 
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Table A-23. Asian doctoral recipients from U.S. universities who plan to stay 
in the United States, by field: 1980, 1990, and 1991 


Page 3 of 3 
Country Total “ Pian to stay @ Firm plan to stay © 
Number Percentage Number Percentage 
Social science 
1991 
China 76 58 76.3 29 38.2 
Taiwan 101 38 37.6 31 30.7 
Japan 47 18 38.3 12 25.5 
S. Korea 240 55 22.9 33 13.8 
India 86 56 65.1 42 48.8 
Total 550 225 40.9 147 26.7 
m Total doctoral recipients by field 
® Plan to stay = think that they will locate in the United States 
sad Firm plan to stay = have postdoctoral research appointment or academic, industrial, or other firm 
employment in the United States 
ad 1987 was the earliest year for which data for China were available. 
SOURCE: National Research Council, 1992, Survey of Earned Doctorates (Washington, DC) 
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Contacts 


China 


Mr. Liu Junjia, Assistant Professor 

National Research Center for Science and Technology for Development 
State Science and Technology Commission 

P.O. Box 3814 

Beijing, 1000038 

China 

Science and technology (S&T) indicators on China 


Mr. Zhao Yuhai, Deputy Chief, Division of Statistics 
Department of Planning 

State Science and Technology Commission 

54 Sanlihe Road 

Beijing, 

China 

S&T indicators, policy, and finances 


Mr. Gan Xin, Associate Professor 

National Research Center for Science and Technology for Development 
P.O. Box 3814 

Beijing, 1000038 

China 

S&T indicators volume in China 


Dr. Winston W. Liang, Chief Executive 
Provisional HK Industrial Tech. Centre Co. Ltd. 
4/F, HKPC Building, 78 Tat Chee Avenue 
Kowloon, 

Hong Kong 


Dr. Jeffrey Taylor 

Statistics Division 

International Monetary Fund 

700 19th Street, N.W. 

Washington, DC 20431 

USA 

Economist working on China’s GDP 
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Dr. Richard P. Suttmeier, Director 
Center for Asian and Pacific Studies 
University of Oregon 

154 PLC 


Eugene, OR 97403 
USA 


S&T indicators in China: science and engineering (S&E) personnel, research and development (R&D) budget 


Dr. Leo Orleans, Consultant 

Science and Technology Division 

The Library of Congress 

Washington, DC 20540 

USA 

Expert on Chinese graduate data in engineering and natural science 


Dr. Halsey Beemer, Education Specialist 

Population and Human Resources of the Asian Technical Dept. (ASTPH) 
The World Bank, R. E9046 

1818 H Street, N.W. 

Washington, DC 20433 

USA 

Provided recent education data on China 


india 


Dr. A.R. Rajeswari, Joint Advisor (STS) 
Department of Science and Technology 
Technology Bhawan 

New Mehrauli Road 

New Delhi, 110016 

India 

Responsible for S&T indicators volume 


Japan 


Mr. Tetsuo Yamane, Deputy Director 
Research Statistics and Planning Division 
Ministry of Education 

Kasumigaseki chiyoda-ku 

Tokyo 

Japan 

Provided detailed 15-year time series from Monbusho Survey of Education 
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Mr. Toshio Kudo, Fellow, Japan Program 

Division of International Programs 

National Science Foundation 

1800 G Street, N.W. 

Washington, DC 20550 

USA 

Provided line by line translation of fields of science and engineering in Monbusho Survey 


Singapore 


Dr. S. Gopinathan, Director, Comparative Education Center 
Department of Comparative Studies 

Institute of Education 

National University of Singapore 

Kent Ridge 

Singapore, 0511 

Republic of Singapore 

Reports on graduates 


Dr. Wong Poh Kam, Director, Center for Management of Technology 
Faculty of Business Administration 

National University of Singapore 

Kent Ridge 

Singapore, 0511 

Republic of Singapore 

S&T indicators 


Dr. Siew Hing Yun, Director 

National Science and Technology Board 

16 Science Park Drive #01-03 

Singapore Science Park, 0511 

Republic of Singapore 

Provided R&D statistics and education data 


South Korea 


Dr. Hai Sool Chin, Scientific Attache 
Embassy of the Republic of Korea 

2600 Virginia Avenue, N.W., Suite 200 
Washington, DC 20037 

USA 

Provided verification and update of R&D data 
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Dr. E. Stephen Hunt, Senior Research Analyst 
Higher Education and Adult Learning Division 


Office of Research, National Center for Educational Statistics 


555 New Jersey Avenue, N.W., Room 612 
Washington, DC 20208-5647 
USA 


Assisted in classification of Korean undergraduate and graduate 


Prof. Denis Fred Simon 

Fletcher School of Law and Diplomacy 
Tufts University 

Medford, MA 02155 

USA 


Mr. Myung Kon Kim, Education Attache 
Embassy of the Republic of Korea 

2320 Massachusetts Avenue, N.W. 
Washington, DC 20008 

USA 

Provided education data 


Taiwan 


Mr. Charles C.T. Peng, Deputy Director 

Science Division 

Coordination Council for North American Affairs 
4201 Wisconsin Avenue, N.W., MB-09 
Washington, DC 20016 

USA 

Provided education and R&D data 


International Organizations 


Dr. Morton Brown 
Division of Statistics 


United Nations Educational, Scientific, and Cultura: Or . anization 


Place de Fontenoy 
Paris 75700 
France 


Provided education and R&D data on 150 countries for 1975-88 
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Dr. Gunnar Westholm, Administrator 

Economic Analysis & Statistics Division 

Directorate for Science Technology & Industry 
Organisation for Economic Co-operation and Development 
2, rue Andre-Pas/-al 

Paris 75775 

France 

Provided Japanese R&D data 


Dr. My T. Vu, Demographer 

Population Studies 

World Bank 

1750 Pennsylvania Avenue, N.W., R. 6119 
Washington, DC 20433 

USA 


Provided population tables by age segment for Asian countries 
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